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DEVELOPMENT OF TECHNOLOGY FOR “PRODUCTION, SAMPLING, AND ASSAY 
OF § MULATED. “-ATHOSPHERES IW CLOSED CHAMBERS 


“3 INTRODUCTION 


During 1856, Stanf vd § Rese arch ‘Institute completed a project for 
Fort betrick under Contract. No.  DA-18-064~204-CHL-123 , in which the - 
rrature relating to met ropolit nm air pollutant Soncenivatd ine war r2~ 
and in which extensive tabulations weré made of measured concen- 
trations of pollutants found 1n’ metropolitan atmos spheres in, connection 
with air pollution investigations ,}” On the basis“of these tabulations, & 
poliutant simulant mixture was selscted whith was considered representative 
3 Maximum concentrations of components in metropoalitan atmospheres 
id and equtyment for production, sampling and assay of the pro- 
L mixture in Eeet at hembor were susgerted. 


he 
~~ 
ot 
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the purpose of the invest: agations deseribed ik thi Fs report wes to 
develop a metrod for gr cducing | the test atnoaphore in an oxperinental 
bhamber and for sampling and analyzing rt: and to estimate ee error 
assonlated alee the Reeay of each: of the constituents over ?-br poricd, 
A. 53 steel chamber was used in theee eee but techniques 
On. “the eesig of soale-up to a thamber capacity of 1 miliion 
; liters, Helative humidity in the chamber was maintained at BSG, wit h the 
ad exception of selected tests conducted to confirm the validity of techniques, 
are a4 3 


; in which the humidity of the test atmosphere was. 40%... The atmosphere wes 
stirred during each test, | , 


™ 


The exporinental. work Was conducted in 3 parts. In part I, optimus 
néthods were investigated for producing, samnpling, arr analyzing the - 
individual gases in the test atmosphere described in raf. (")y and in 
Appendix A of this report... Phe applicability of the method! wae based 

upon experimental work in thie program, « survey of the litecature, end 
previous experience. The gampling and analysis methiin were evaluated by 
the followiar eriteria: fa} the method was te be sensitive in the required 
concentration range, (b). ‘interferences from other cons stituents in the 
mixture were to be absent or determinable, (c) a minimun amount of test 
atmosphere was to be unas bus each analysis in order to prevens gross 


L cermniadebienee eneane auieetabe Unndt Ge ahatiaemeal nde team hata centonte en tatadeeeaieimaceenental 
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* Wohlers, NM. OC. amd G. BP. Sell. Literature review of ms tropolitan adr 
pollutant concentr ations--preparation, sampling, and asray of syntheiic 
atmospheres, SRI Project Mo. SU-281G. Finel Report, November 30, 1956. 


rapid methods were to be used whenever posuibie, prefarebly wat-ch: 
methoda, so that the monitoring system could bs reproduced at other 
atorigs, and (e) netheds were to be selected which could be perforscc¢ in 

rmdcteriolorical safety. cabinets, or’ in which the ee gould be gteriliged. 


dilution of the test atmosphere, (d) the simnlest, moet direct, and wi 
: 
$ 


Apprepriate injection, eaten ‘and avai geionl wethods were tested 
for each gas in the test atmosphere , uging the initial concentr rations given 
in Appendix A. Single-s constituent atmospheres of the folioving Zeeos wire 
monitored over 2-hr periods: etetaidehyde,- ‘acetic acid, acetylene, serolein, 
ammonia, benzene, carbon monoxide, formaldehyde, hexane , hydrogen cyanide 
hydrogen fluoride, teas Sulfide, vnitregen dioxide, ozone, suifur diomide, 
end sulfuric aci wth. ood Poe ; 


In part II, simulated” atmospheres: were pret 
nod individual gases were monitored , sover 2-hr pertces: in oF ger {a 
the efficiency of a special. Rees injection syater which had bean ‘built to 


deliver mixtures of gases into the chaster, Ae to determine the a eplica® 
bilizy of the sampling and analytical method ane ts ating +he ‘complete 


gas mixture, and fe) to test for reaction 28 He 


‘The complete simriated atmosphere WRB: test ed sapere tats CA Dixtage 
ef particulates was injected ante’ the chanber along with the gases, erat 
the cone entrations of gases and aerosol YOrs, moniteved 


re 


er 


Ax ick aoe of the experimental error dasociated with the suanpl ing 
and anrlyticnl methods war omade on each part at the program. “The ro- 
nina Line gon the log of concentrétion | with timé was optained in tach 
case, together with « test of the: significance of the regression, and 
asd, confidence intervals for the true slope. In part LI, 3 saapler of a. 
particular gas were obtained over the @-br period on each of 2 days : 
selected at random, ivi order to test for day effects. The & veluen wore 
then combined, disregarding day effects, und anew estimate of Gnpeyi mental 
“error was obtgided. Pert TIX wos similar to part If in Perence te eegeri- 
mental design and treatment of data, aaa 2 samples of a partichiar 
gas were collected cn 3 separate days The resuite from parts If 
were then combined (disrégarding day e?feots) in order te obtain 
degree of confidence in the results of the assay. 


An estimate was made of the number of measuromonts of cath gas in 
the mixture that would be reauired to determine the presanea of a tins 
trend during the 2-nr period, allowing in ‘each case For an annaplable 
variation aoe to i suse ane unalyets. 


Selected experiments were made at eB relative humidity of 40% te 
heck for gro sa effects of humidd ty on the complete Here at OSES 


ae 


Finally, the techniques were cons ideved in respact to sealed-u> 
chamber sigc and to the SORE SLes of: genples ‘in bacteriological sefery 
ace : 


eee 


Anterr 


er ed 


1 susan AND ) CONCLUSIONS 


An sppropriate sampling dha’ ‘analytical method was found for each of 
the gases when the single-constituent at tmoepheres were monitored in 
part I. The concentrations of. acetaldenyde, ‘acetic acid, carbon monoside, 
f idehyde, nydroren fluoride, nitrogen dioxide, ezone, and sulfur 
Gicxide desreased signifi canti al Ger ene: the 2- hr test periods. 


had was qeutioes for: pre spiring the pas mixture in the chants 
of the program, Aldehydes in the mixture could not be de~ 

rately due-to interferences of the mixture with the aneiviieal 
poet were determined by ancthey method as “totel aldehyde 

on Fluoride wag omitted from the mixture because an exce essive enount 
Pes be injected into the chamber in order to obtain the required initial 
entration. Suifuriec acid and acetic acid disappeared immediately from 
complete mixturs.. They probably reacted with the ammonia, farming 

um sulfate and acetate. -Hydrocarbonsg could be identified only when 
ber relative humidity was 40%, due to the mature of the enalytical 


a ... Carbon monsaide, nitrogen dlexide, ozone, and sulfur dioxide 
rea significantly during the Z-hr periods. A day effect was present 
in the , , ; 


case of sulfur dioxide 


A better measure of pyesiei cise Wee optained in part Tit, in which 


the gases were monitored in the mixture of gases end particuistes, than 
in wart f1, because each gas was tested on 3 days rather than on 2 deys. 
Total aldehydes, nitrogen dioxide, ozone, and sulfur dioxide decreases 
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ienificantily during the Z-hr periods. Day effects were present in tho 
cases cf total aldehydes and hydrogen cyanide, 


The aerosol concentration was “monitore d during each 2-hr test in 
pert III, using a smoke photoweter, The total waight of aerosal injocted 
for each test was 1.2 me. Helf of this quantity coensiste? of carbon black 
in the sub-micron range. The mean @iameter of the other materials in the 
mixture was 2 y. There was no significant decrease in the number concen- 
tration of parcicles in the chamber over the @-hr toni periods, indiceting 
that a Laxrjre engunt of the material wag in the sub-micron range, and did 
i under the conditions of atirred settling Tests were made 
settled material on glass slides, but no “significant emaunt 
was collected because of ine low initial concentration in the 


A single test was made for each constituent in part Y1Y when the t 
xture waa at 40% RA. In each case the sample was drawn afier the mix 
had aged for 15 min. No gross effect of the lows: humidity eas observes. 


mi 


* The 4% confidence level was used in all significance tests throughoet 
the program. 


hourh a complete program would he nbcenaary to dstect signifizans 


} conditions. {A significant. effect of humidity waa observed in the 
ene of sulfuric acid in part 1. Howes syer, the seid. Serica cance initially 
in the conplete mixtura, as Loa RO tioned.) 


BP ces ize ‘Gath i 


Time trends wore shew $6 be. ipfekent ony “in the crees of nitrogen 
dioxide, ozons, and sulfur: dioxide: when the results obtained in o parts Tr 
and III were combined, ignoring day effects. An estimate WES then mnude 
of the numbor of observetionn which would be required intorder to moniter 
each gas, accepting slope variations equal to the variations obtsines when 
the two parts were combined, Kine cbhservations: of each cons tituent woul 

required,. aye a fae ge 


or 
(f 


The methods of. preparing the mi 
stvribed in this report are. ene ee 


de F ‘to geale-up. It ig suggested that 
the meterials, éven OZONE 5 be allows d to decay. naturally, although con~ 


cantratione fall oe rapidly to an’ ‘undeteatable- level. The synthetic 
re treated in this manner would represent at ‘Lesst ag good an BvOFaE 


Finaliy, suggestions are given for monitoring the constituents under 
bactericlogically safe conditions. : 


ects of humidity, no gross effects ats be expected under theses excori~ 
ts 


‘ures and monitoring the constituents 
S 


condition in ae as ig constant concentration would;- necause: there are 
wide variations in the concentrations of these pollutants in outside atwos- 
phercs, and because the test atmosphere represents & Ai gh average tencen~ 
tration of theca) poliutanta, In addition,- i% make-up tachni ques were used, 
the results : on this projec t would, ‘not neceagart ly apply. 


11] EXPERIMENTAL PROCEDURES 


&. Geeeription of Bost Ch: aber. 


pear pane ne Hem Basie mare nee 


The test chamber was constructed. by the Rheem Manufacturing Company .# 
It is shown in Figure 1. It had 8 ‘gapacity of 1GG0 Titers, and wae unde 
of type 3202 stainless steel, welded throughout, It had a dished head and 
bottom with a lé-in.+diameter manhole in the front, ‘mid @ Lucite manhole 


oover., ALL flitings, ineluding the manhole, were flush with the inside 


of the tank. The t test atmoaphere in the chamber was ativred by.2 fan | 
blades 3G in. in length | and “pitched to’ 30 ‘degrees, Located’ in the lower 
pert of the chamber, There. wae ‘@ clearance of 6 in, becween the blades 
and the chamber wall. The shaft of the fan ‘extended ‘through a packing 
ssal in the bottom of the chsnber ;. ‘and. was driven by. & Boston ratio motor 
fastened ta the «1 LOOT. Yhe" shaft’ speed was. ‘BS: rpm, and the tip apeed was: 
13.3 ft/sec. A LoG-08n piower with. sisgnetic valve was attached to the 
tap center of the chamber, and daecassd to flush Gut the chamber between 
testes fA S-in.-diameter stainless steel. ‘pipe. ‘extended from the lower part 


ro nt 
of the chamber ts above the. ook: of the. buliding Fresh, ‘outeide air 
oair dian out! of. the chamber when ‘sampling. 


entered this tube to replace ; 

A relative hueldity very elosét6. BSE. ‘was mai ntained in the chamber during 
a test by moans of @ soaked aponge’ onated in’ the air inlet tube .** “A wet 
aid dry bulb hveroneter wan attached. to the transparent manhole cover 

the wel bulb of the hygromoter:. car ek molet by adding water through-e 
smal} hole in the wentcle..: The hole was stoppered when not in use. aA 
deain 


was Tastened to the base of the vena ber for cleaning purposes. ‘The 
f the chawbes had 5 ports (Pert. 8 not in use wers covered with” 


bo 
2 4 

Q 
ome 
2pm 

o 
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“A determination was made of. the mixing efficiency in the chamber, — 
Foy thase tests, glycerine ae rosol was prepared with an atomizer-t SYP? 
generator, The “generator delivered particles with) an Average diameter. of 
hu at a rate of 16 mg aevorol/min. The agragol was introduced into the 
chamber in the some manner in whieh the test gases were ‘ntreduced - 
(desoriked in the following section) until the glycering concentration in 
the chamber was 0,5 y/liter to 1.2 y/liter. fhe aerosol was then drawn” 
through a Sinelair-Phooniw forward scattering snoke photometer from $ ; 
locations in the chamber, and the md ining characteristics undor test con- 
ditions were determined in terns of “the relative ROTOSS } concentretion at 
a particular Location and at a partic cular time,  Thg time for complete 
mixing at & port was takon ag the ‘time: that a rise in concentration WAS 


completed, and decay had begun: The! 5 ‘ports were tested in random order. 


* Rheom Manufacturing aiecnges aot, “cheisey, Richxond 4, California. 


* 


et Relative humidity of fresh | air in the San Pyan noisco Bay Area is usually 
between 30% and 60%. 2: 7. 
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FIG.T 
TEST CHAMBER 


TABLE I. 
MIXING EFFICIENCY IN CHAMBER 
‘Glycerine Particles, Averege Diameter liu 


ee Sy i SUCCESSIVE ANCONT OF GLYCERERE Ores TIHE FOR - 
i SAMPLING ANDED TO CHAMBER, ees COMPLETE MIXIM 
NO _POINTS* . ¥ilitar o sor 7 
ee a as i. + BE ips fe 
ae | 20" 
1 Q = | 
2 ~ 1% 
1 | 0 ; | 
e {°° re an) ae 
% “6 - 
i 2 0 
4 6 . 
| Se an | 
5 oot. i 
gow St ed 5 
3 4 | 1.2 | 60° i 
5 1 + 3% 
4 | ae ee 
| g { : 2 o ee 
} 3 i ry 
| 7 cers 
oe 5 0.5 Pi. GS 
i 2 j + BS 
| | S | | 0 | 
5 | 3 | 1.2 Pa 200 a 
| eae 7 es ee 
Lae oe eee 8 


“ Locations of sempling points vere as follows: No. Lowes at tha asxpling 
Level (2/3 the tank height}, and 16 in, fren the right well, facing the 
tank, Ko. 2 wes at « gosition 1/3 tha taak Here his: Babee No. 1, ond 2 in. 
from the front wall. Ne. 3 wae 1 tn. ebova the bottom center, balow the 
fsn. Me, 4 wan about & in, down fron the ten: conter, “Ro. S wae at the 
aeme port as No. 2, but the sampling point war 10 in, from the oppotite wall. 


"8 Where Cy is the seerkescceheun Chinida-dncky line. Tmetrement variation T1605. | 


te are given in Table I. & inaximsain of 235 sec was required for. 
Rone mixing as moasured by this method. 
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Yests of different methods of cleaning the chamber between runs were 
on during part fT of the program. The most satisfactory method was to 
flush the chamber overnight hy drawing outside alr through it by mesny 
Br. the 160-cfim blower, 


RB, injection Proc edure 


1. Gas Injection . 


Four methods were used to inject the test gases into the chamber: 
(1) nitrogen oceans ammonia, sulfur dioxide, bydregen sulfide, carbon 
monoxide, and acetylene were supplied frou gas éylinders and were swept 
into the chamber in s “stream of nitrogen; (2) ozone and hydrogen cyanide 
were generates outside the chamber, and were swept into it in ‘the nitrogen 
stream, (3) formaldehyde, acetaldehyde, agrolein, benzene, hexane, acetic 
acid, end sulfuric acid were evaporated into the chamber, and (4) hydrogen 


Sluoride was introduced by. Dublin ae ais. through a ‘solution af hydrogen 
fluoride, Hydrogen fluoride Wag. in cted only. in part. a, as noted 
proviously, are a 


a, sngection on of cof Gylinder ¢ Gane $ 


‘The e@ puent “ug cad ‘to ‘inject’ cylinder gene toss generated. pores 

into the test che ce is shown in Figure 2,- ‘The equipment was ROL ite don. 
; and during operation wag “connected to. ‘the. sees injection. port 

tae manhole, shown in Figure Pe Gases were: ‘delivere a fren the pS 

into the center of the chamber throush B ‘g- ft gless tube, -All epconts 
turmed to a clessed position after ths- injecting: syatest Was connected - 

to the chamber. Line air) 10 Liters/min,. was allowed to 3 Pia w through the 
exhaust manifold, The nitrogen wa 3 then. “turned on, ‘alia the’ solenoid valve 


WRS The nitrogen | flow inte the chanber: was adjusted to: 

10 a roading of: 8 on: “the rotameter scale.” The ‘evsop ges ‘system 

was ua eae oA with é an automatic: timer: ta the ‘solenoid valve but the t imer 
Acatylene, 0. 55. pon ,* was ; GGeceed “first. The Stanacen: ah the | 

acctylone line was opened to the exhaust manifold, aud the cylinder % valve 


was cranked fer 30 sec. The acetylene syringe was opened to 1.2 cc, tH 

The acetylene was turned off, the stopcock was turned to the sweep MET, Afold, 
and the acety lene ig the syringe was injected Jinto the gag stream entering 
the chamber, The acetyl ene pe stopcock: was ances turned to an off pon tte ne 


The stepcoc! eee he carbon monoxide “Line wes oponed ta the 
exhaust manifold, divin xf the 30 oe with sostylens | described ahove, 
the carbon monoxide cylinder needle valve was cpened until the rot ‘ane ter 
evading was 7.5. This indicated a “£loe of 40 ce/min. After completion of 
ae acetylene injection, the stopecsk in the carbon monoxide line was 


tusned to the sweep manifold Zor 30 sec, which allowed 20 ce (16 ppm) af 


the gas to be swent into the tank... The cylinder valve wae cloned at the 
end of the 30-sec period, and the stopcock was turned to the off woe T Enon. 
aust 


Ammonis was added poe gtopedck was anened to the: “exh 
menifoid, and the cylinder valv was cracked, The syringe was opened to 
O.72 m3. After AG-sec flushing, ae G25 Wao turned off, and the stopcock 
was turned to the sweep manifold. fhe gus in the ¢yxinge was injected inte 
the sweep manifold, and the oe was turned off. 


Sulfur dioxide, hydrogen sulfide, and nitrogen dioxide were 
added in quick succession in the same manner as the ammonis . They wore 


* Parts per million by vole are giver 3) throughout the report uniess 
otherwise noted. we 

#® About #9% excess of the required .gas volumes were netered in the syringes 
to allow for losses due prinari iy to the gas residue renaining in the 
fine-bore tubing extending from the stopeocks ta the sveep-gas maT! fold. 


sree 


Surpass y “eee nee Nechaarre’ es tS Peer hee: “puters wf 


fon meteor carer een, peeererery ects ac Serene a wscr rl snicdie sa ita 


wren 
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ea Pak ee Gee & heh 
INJECTION SYSTEM FOR CYLINDER GAS AND GENERATED GAS 


ro 


& shah 


urned on and allowsd to flush inte the exhaust manifold during the 30-sec 

lushing period for. the Reieaso The syringea were adjusted to deliver 

he following susunts: sulfur dioxide, 12 cc (5 ppm delivered),* hydrsgen 
9 


sulfide, 0.48 cc (0.2 pra deliver red), and nitrogen dioxide, 2.4 ec (1.0 ppm 


h, Inje ection of. - Genorated Gasca 


rogen cyanide ‘and ozone were added next. Hydrogen cyanide, 
intreduced in the following manner. Potassium cyanide, 
placed in the hydrogen cyanide ponerator shown in Figure 2. 
of £04 aulfuric atid was added through the serum stopper of 
r, and the hydrogen. cyanide which was produced was swept into 
the nitrogen. laude: 


The pover ganply for iielosses generater was turned on and 
adjusted to 64V during the preceding operations to allow about 2 min 
warm-up, The stopcock in the oxygen line waa opened to the exhaust mani- 
fold, the oxygen cylinde r valve was cracked, and the oxygen flow was 
adjusted to 15.G on the rotameter': {2 ldters mini. The stopcock was then 

upened ta the injection manifold, and gas was allowed to flow from the 
ozonizing tube into the chamber for 3 min, 18 sec. It had heen deternined 
by previous cali>ration that 8,0 ppm ozone were present at the end of the 
injection period under these condit fions.--The ogonizer was calibrated at 
intervals throughout the program, and the length of tine of flow into the 
chamber was changed accordingly, — 


c. Injection of Evaporated Gages 
The remainder of the gases, and the sulfuric acid aerosol, were 
evaporated inte the chamber while the ozone was being edded. Acetic acid, 
benzene, n- hexane ,. formaldeby ‘de, acetaldehyde, and acrolein were evaporated 
from a 10-ml crucible. A heating: clement consisting of #o4 nichrome wise 
was wound around the crucible, and was covered with HAF heatrresistant 
Scotch electrical tape. The heating element extended to a 105V varisc. 
4 copper-constantean thermocouple extende ad from the bottom of the crucible 
to a microrzmmeter. The crucible was fastened om . 20-in. rod. After the 
required amsunts of materials had been added, the crucible was inserted 
junto the chamber through the lefi¢ride upper port, extending 18 in. inside 
the chamber, . The variac was ther <curned to 12V until a sudden swing of 
the ammeter indteated that the cruc!ble was dry. The following amounts of 
the liquids were evaporated from the crucible: | 


Laren ee naa Ara te PELE ee ty mam eee a tim ere 


* Yn practice, the sulfur dioxide was added from a “OQ~cee syringe through 
a serue bettle stopper shown in Figure 2, because the mounted syringe 
wad too small. It had not been anticipated that such a large amount 
oP the gas would be necessary, 


ack solution of 10 ¢ acetic. acid: in 2000, mi wat 


A st Lev wae pro 
pared, and 6.2 ml was added te the ert uctbls, This represented 1 ag of 
the actd, whic the chosber. 


hh on eva aporation yielded +h required 0.2 ppm in 


& Liter of ple auliace nadbarning O48 soréoealashode: 


0.360 ¢ ecetaidehyde, and 0.920: @ aerolein in whter was prepared. Cac mi 
of this solution was also add#d to the crucible, representing €.7 mg 
formaldehyde, 0.36 me ace taldehyde, and 0.920 mg acrolein. . On evaperstion, 
the 


yequired 0,36 nom of the formaldehyde, and 0.10 ppm each of BceralGrnyer 
lein, were evaporated into the chamber, _ 32 keh 


Benzene, 0 lv og, and ee me, were added to the crucible 


ed 
with micropipettes, This represented the required 6.27 ppm of benzeno and 
G.28 opm hexane after evapor rat on into the sneer: 


Sulfuric ac ee eer tiae waiaelee over 300°C, and was - 
evaporated inic the chamber in a different mannor. A stock solution con~ 
taining 1.85 ml sulfuric acid/Liter wae prépared. One-tanth ml of this 
solution was transferred to-a 6-in.- spiral of alloy K, 1.3 2/ft, resistance 
wire, The wire extended toca 6.3¥ filament traheforner, which was supplied 
by 105¥ from a variac. It was fasténed on a 206-in. vod, and after charging 
with the acid was fastened in the chamber in the sama manner as the crucible. 
The wire turned cherry red @650°C) when heated, and the sulfuric acid 
vaporised within 30 sec as a puff of white smoke. Sulfuric acid has an 
extrenely low vapor oressure a% Foon temperature, and exists as droplets 
in polluted atmospheres, The G11 ml solution which was evaporated repre- 
sented 0.340 mg in the chamber, or 0.05 ppm by. volume (0.14 ppm by weight). 


oe 


G. injection of Hydrogen Fluoride 


The method of introducing hydrogen fluoride in part I of tha 
project was 2 follows, Air wag bubbled at a rate of 10 liters/min through 
a 10% aqueous solution of hydrogen.fluoride held at O°C in an ice bath. 
Under these conditions the gas stream entering the chamber contained 
66 y/liter (80 pom) of hydrogen flucride.* It was necessary to add hydrogen 
fluoride ever a Sy-min period before the required concentration of 
O.0C072 ppm was obtained in the test chamber, 


2. Aerosol Injection 
The dust Seca which was injected along with the gases in part If 

nonsisted of 3G chemicals, ground separately in a Reckman/Spinco Spinnill ,#* 

and cavkan ae. An oil a¢rosol was injected by means of a liquid acresal 


Valibration of the hydrogen fluoride gas stream was prepared for snother 
project by Dr. Moyer D. Thomas of these lahoratories. 


#* The grinding was carried out at Spince Division, Reckman Instruments, 
Inc,, .117 California Avenue, Palo Alto, California. The Spirnmill was 
operated under the supervision of Mr. William Onts, Engineer, and 
Mr. Whitelaw Wright, Product Line Superviser, both of Spinco. 
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ser," and Pigure 3, et. the. same time that the dust mixture wos inc 

. Measurements were taken of ‘the particle aize distributions of 
Homicelse, ‘woth before and after grinding, ise distributions of the 
tC Materials aro given in Table FJ. Two hundred narticles of cach 

e ieed with ap optical microscope, ALL the waterials 


copper eardate were ground to a jsedian diameter” peecey 0.4 » and 
sean were then mixed ain proportions which arc 
: t aap le of 


The growrid 


of thease 257 


2 oh “polluted atmospheres. The natch 
¢ the chemicais in: the dy uet mixture da given in Tabi 
with the welght of eech @ material. ingroduc ced inte the chamb: 
meat. Carbon black comprised about half the: weight of wate: vial injeoted, 
-Ié was not present in thé etock mixture, A working mixture wis prepared 
for the tests which itneluded the carbon black, The cumulative BLZe a 
distributions of the particles in the atoc i dust mixture ar 
a undréd particles were measured. Fisty percent 
se than 2 oe i in diameter, and 504 of the mage gan 
ticles less. ay, 2,8 uw in diameter, The naenet does not inn 
2 g “than? about: 0.5 wy, the lower Limit of resolution of 
oth. or a number basts and on 8 a bas ig the eficst 
4 ortion te an offect 
n diaxe tes “ 9. aie 


S 
any 
x 


The dust toa be ingoated : ante: the phanter 
contained in amail Relat ine ead? and was injeste Gh. 
through an upper port by ESN (of gs. Ben amin ot pistol 
Lragwents fell owt vary: sapiaiy: and the. 2G¢0E0R wes dt 
the chamber in seconds; as degeribed in the ‘following 


>; ietoer in nck teat, we 
nto the ‘ehambor : 
ths capsule 
epsrsed.: throughout 
“geotion. a 


- 


ised crankcase oil was used fox the oii gercsnl, 
injected into the chamber by means of a calibrated diaper LOT ae ‘ghown or 
Pigure 3, iUmder 5 ib prézeure, the dispensey dvkiveroad the required 
6G micrograms of oil in 10 sec... The vil particles were £ to 8: pas 
diameter. Cee Leet y 


The totel time requi red: to “Enject all the ‘nsterials into the chauber 
varied between S and’ & oe depending primarily on the calibration of the 


OQ 
3 
oe 
a 
iy 
wt 
fa) 


+f Ags caving LEA a tha sOnts 


hy Methods of Sam sphing Ling ang An: Anal nyse 


ree ne esa penne SE mE Caco 


ALL methads ere si cae 3 and ana lysing “the gases which were tested on 
the program ere described in Appendix A, together with a brief Uiacuacion 
of each method and its applicability to other monitoring programs, The 

irocarbons were determined in paEte Y and YI with an automatic instviwment, 


eer sea meee eg CA Meee RN nee nna iano tet,  cmemeed 


2 Cadio, R. ., and P. be Magaits Prooparation oF Solid- and Liguidein~ 
Air Suspensions. Ind, Eng. Chenm., 43, 1991“i995, June, 1863. 
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CALIBRATED OIL A 
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TABLE It 
SIZE DESTHISUTIONS OF MATERIALS USEH IN DUST MIXTURE 
PEFGRE ANT APTER | GRINDING IN RECKMAN,/SPENCO “ SPINMILL" 


Le ential EERE eee NEE metre ae 2 ante MP: tan Lar cree artnet a fete RIE Te Lee eal ene Ri manatee homme wertreiere tu Q0.ne en ebro Aaceaem veh mame are 


La BEFORE GRINDING’ * AETER GRINDING” 
i aR ee a a pee Ns ot le maenieet 
| lene thes | | rasa i : leon then : eee 
Tete thers Rinne toh tee oa | i socstotcaietale Pb Tat ote Ge : a Aiamster ' 
1 Aluminum potas. sulfate 10.9 23 | 1.6 
| Antimony trioxide | 31 7 — TL 68 | 0.8 
| Arasnious acid | 1 | 2.2 13 | 2.6 
| Bismuth oxide =) eu 2.5 $3. 1.0 
| Cadsium oxide | a7 | ne Bo 0.6 
| Calcium carbonate al ee. | 7 6.0 22 | 1.8 
| Calcium fluoride — ne, ; 3.3 40 ae 
| Coletum sulfate 30 : = 3.2 86 6.6 
ba eainctainesboee 7) re “2.5 69 0.9 
Carbon black 1000 = 0,025 . not ground 
| Curomium oxide | 1 | 1.5 80 0.6 
| Cobatt oxtde 2 | 5.5 ay 9.6 
| Copper sulinte | 2 t 56.0 14 | 19.6 
| Ferric oxtde { 73 | a,8 92 i 0.4 
| Imperial <lay | e | 0.4 7A | 0.5 
| Laad monoxide | 4 | 2:2 7 | 0.7 
| Lead sulfate 18 “| 1.5 42 bl 
Lithopone | 1g | 2.2 20 | 1.9 
| Magnesium sulfate ' 10 | 3,8 $2 0.6 
Ninganese dioxide | 25 | 1.6 20 17 
Mercuri: chloride <4 2.8 20 2.06 
Mslybdie acid i ~ 40 ; | 20.0 27 15 
| Nerth Carcline feldesar | 2 19.6 36 1.2 
| Potaceium sulfate | Pee 2.1 17 2.1 
| Sodium nitrate | 15 i 3.5 20 2.0 
i Sepiiue ett gave 13 | 2.0 18 2.0 
| Stennous oxide . 2 st 23.0 &4 0.8 
} Tatenium oxide 92 0.35 9s 0.6 
Venadium nentexide | 3 3.6 67 0.8 
0 Zine weode 50 ! 1.9 8s 0.5 
{| Zinc sulfede | 5 le ae: 1} zi | 
ie Cotas waterials hend-ground in mortar before machine gvinding. 


Cumulative size distributions of individual materinga aay be cbtained by plotting the 
Z pornra aa log of the diameter againet percentage of particten less than indicrted. 
divanter, using log probebrlity paper, A ateadaht line cua than be dren through the 
2 pointe to inetude 2% to ON of the site distribution. 


TABLE YE 
CCHEOSITION OF TEST DUST MIXTURE 


{ | eS : | «WEIGHT INJECTED Cj 
ae WEIGHT % IB = : 

MATERIAL | * Stock DIST SAMPLE IBTO CHAMBER, i 

yW/2 cae } 

SEMAN CANORA AA DOED SAS TER CEP ROAR MA Dna SAE RA RE AMADOR NRO TR PATROLS A TEAL LATTE 


6.300 
0.254 
Arsenious acid 9.025 
- 
0 


Aluminum potas. sulfete 34.60 
1,44 t 
0.14 i 
0.20 i 
0.12 | 

i 

i 


Antimony trioxide 


036 
021 


Bisnath oxide 


Cadiuim rvide 


Calcium ca wate 0, 500 . 86 
Cetcium flucride O.214 


Calcium sulfece 


2 
1.20 
1.60 
.Y 


1.94 
600.00 


Coleium tungstate 
} a 
Carbon black 


t 

{ 

0.64 
9.067 0.04 
1 | 1.80 
Q 25.66 | 
; 
t 

| i 


Chravun oxide 
Cobelt oxide 
Copper sulfate 
Ferric oxide 
82.80 


Imperial clay 
6.46 
4.20 
G.80 


Lead monexide 
fead sulfate 


Lithorone 


Mangenese dioxide 


Mercuric chleride 
Mealybcdic acid 

North Caroliua foldaper 
Potassium sulfate 


Sodiun aitrate 


Sedu 


Staanaus oxide 


aulfece 


t 

‘ . ' 

Magnesiuga sulfate | 14.300 
| 
| 

Titaniius oxides 

Vanadiam sentoxtde 


Zine oxide 


Zine sulfide 


Poe. . 


1is7.$4 


Toval Yast 166.000 


a0. 09 


= ae 
Chl acranc! 
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ooo moo 38 
> 2 
Ww wt & 
win oS 
acer ttle npr octane ncn, ammo 
dre 
m2 
CAy Set BS 
Ss hr 
Peewee a2 12 RRC EE TEAR INE ET EI RES Sr RESTS ee UR cree 


a he ace aa Ae Et a a aia 
Total Weight of Teat Asrosel AQT S$ eicrograns 
LeAet nt nee Rg EM tah Naser ete ey ng a RON AR Na man eae wanedhn ete atime ree tet mr tne Meh SeemetiEAe Ht ree tens ast hte ee enn A tnd eee: thi tet Da tenement 


= . - . - 
Rot present dn acockh wixtere, Praseot in working mixture, 
ee 


Alded ta tauk hy moans of Liquid aerosol dixpovrerr, 


TABLE. iY 
SIZE, DISTRIBUTION OF PANTICLES IN DUST MIXTURE 


: i ore CUMULATIVE OLSTRIGUTION fo CUMULATIVE nisiarerten | 
j PARTICLE DIAMETER, 22 OF PARTICLE DI4METENS, & OF PANICLE FECGHT, 3 | 
t oe oe 
hws Cat RNR NE CUE RS OS eee ean tara hace sesrmenceer cinta (ealevleted®) ” met 
i leas than 3.3 | 50 . : i< a og | 
lees then 1.5 } eA) SEAS oMl6 
Snes than 2.9 fe 4 9 ot | o 32 
less than 2.5 | ves 95 Ce 49 
| fens then 3.6 ois 98 ee ae 62. 
lesa than §.0 oe.) a ane: 96 z 
eek : 
{ ___fess than 6. o at 99,9 m 95 ae 


Calesisted fram the following selec lenis p of geonetrig mens diauctap hy caigat 
with gee uetsic assa cissetar by counts Jog Wz 7 Teg Me 7” €.9078 log* op, where 

Mz end Bq “pe the geomstrit: neane by couet aad ‘by warghe respectisely, and o 

ia tie wiardard geoneteie davietion by sount oF hy weight, i. fee the ratio ef 

the &4,:2€ sise bo the $#®% edeec. (Hatea. T  Betareiwation of | ‘average particle ~ 
size” from the sereon anciyais of (non: wnifore perticulote sebstgnesa, i. Franklin 
taeticucea, 399, 27 (iG39)-° ; fe 


& a Perkin~Hlmey Model Ag-C. Infrared Spevtroneter. Aeetal de suas and 
ROYOLG4n were determined po ola arographiceliy. on part I, but there were 

x 

the 


By 
Pencas when the me 


a 


interfe hod was applisd to the mixture of gases. In 
purts <2 and III, total aldehydes as Riciaccseninl woxse determined by 

a titrimetric method, Aa automatic tustrumant wa s availeble for sonitoring 
nitrogen dionide,® and 4t was uscd to monitor the veeneennere during ail 
tests in part Ti. However, the instrument wags designed tea monitor atmes- 


rations of oxides of nitrogen which were ordexa-of- 
those obtained on this pregram. It was theretore 


maynitude les g 

neccessary to the text air going inte the dustrune It wee: 
aifiianit to ic this dilution sonetant for a-kr. pias. ang wide 
fluctuations ped which were ingonsistent with previous SEpSTLEeNnce 

in monitoring of nitrogen.with the instrument, and the meesurerenta 
were not valid hewmical motho@ was subsoquently used to maniter the 
nitrogen dicx two extra test dave in part li, and three extre text 
cays in part . Phe-single run Pox the determination of hydrogen 
flucrids was th an automatic instr UNETEL bused. on the sslective 


i ovitored \ Wi an. 
uenching of the fluorescence of magnesium oximate by fiuceide ion.* A 
wet chemical method, requiriug 1 cfm of sample through the bubbler far 
iohy, is described in Appendix B, Except for the instrumental methods 
mentioned above, sil tests ware mode mantally, using standard wet 

hen techniques. , 


pees 
we 
ry 


: 


Bubbiers and luopinvers were used to collect samples for the deter- 
mination of acatic acid, total sidehydes, ammonia, hydrowen cyanide, 


: 


hydrogen sulfide, nitrogen ALON cide, ozone, and sulfur dioxide. Carbon 


Thomas, MW. 0., J. A, Machbeod, Ri C, Robbins, BR. C. Goettelesn, and 
BR. OW, Eldridgen, Autometic Apparatus for Determination of Nitrite Oxide 
and Nitrogen Dioxide dn the Atmosphore. Ansh, Chem, 28, 3810, Beo., L856 


4 Chatkin, S.W., CG. BE. Glassbrook, and T. D. Parks. Faper preeentod at 
Lear mooting Ameartoan Chonicnt Society, Lon Angeles, California, 
March, 2953 gh : 


ear 
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monoxide was collected end read directly in/an indicating gel, Sulfuric 
acid droplets noe collected On a Millipore filter, and were deteruined 
by titration. Sampling _ ratey ranged from 0.6 liters/min to 16 liters/min, 
and the time ie: collect a sample ranged from 2 min to 30 min, depending on 
the sensitivity of ene “particular ase yenca) procedure, ; 


The concentration of paeelenr ate mat rental in the chacber wee monitersd 
with «a Sinelaie-Fhoenix Aerosol, Tas , and Sx noke Photomexer,*® Tne instrue 
mat sured the forward scattering of ~Light at small angles, and had a 
range which was suffixient to include the particulate concentrations used 

. Es 


re] 
on this program. Phe aerosol concantration of each tes 
tored with this instrument, using a flowrate of 4.2 Liters 
the ie Sto meter, and an Esterline-Angus recorder to record the relativ 


@. Corrections for. piluticn in chanber Due to Sampling 


In ali teata, it was necessary tc peer the mensured woncentra is 

af a constituent for the: ¢ Gilution in the che x due toa sampling a) in the 
hat tke particular | gample had been collected, In part Il, two gases 

were determined over a @-hr period and 3 samples were collected for the 
3 


analysis of each gas. {This experimental design was used to determine day 
efiects, and is described in vhe next section of the report.) In addition 
ta the ditution due to sampling the two gases, there wag an additional 


G 
dilution due to continuous sampling for nitrogen een bdcg the automatic 

2 . The dilution during each test in part III we similar to that 
n° part If, except that the particulate material was alas sampled coné 
ieieiaise Derivations of the equations which describe the dilution process, 
and an example of the caléulations made in each part of - the program Bre 
given in Appendix C.  ° : 


D, Experimental Design: 


d to be primarily ar evaluation of 
echniques, and was concluded when 
en tested. 


Part f of the stidy was considere 
pakacuuees gampling aod anslytica 
sampling and analytical metheds ha 


Part £1, which was considered to be an exploratory stage lending to 
the studies of the mixture of yeses and dust, was designed so that the 
yariability due to days as well as to experimental error could be estimated. ** 
Iwo gases were tested each day, and 3 samples of each gas were collected 
in the Behr peried. Samsles of the 2 wsees wore collected alternately. 
e 


Fach component wag tested on two days, 6.g., ® particular gas was sampled 


#* Phoenix Precision Inatrumant Company, 3804-05 North Fifth Street, 
Philsdelmhio @€0, Penasylvania. 

tin LD. Cox, Statistician at Fort Detrick, and Dr, Gerald Lieberaan , 

Siaté Professor of Statistics at Stanford Universtiy, destened the 

intical phoureny for partes YL and IT of the preject 
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gt. day, and at “tine 


Ong 33 3 
days on whiah the gages were ‘6 sampled were chos ou 
the regression line snd the 954 confidence interve 


dééigned in the, 
ed on three days, 8 
continuously She vartab ALity.o of. 
>» 
). 


S seme’ mann. er 


ees in the mixture, and the two parts 
ebtain a » better estimate of the experimental ve 


rninations of the 
fidence intervals fo 
for cach gas, An enti 
which would he necessa 
sults 
at the 954, sae entire 
variation was accente 
5 observations were east. 
f the data is given in Appendix Dd, 


regression ines, 
the true - open, Gesu betas 
mate was’ then made of then 
aey when monitoring - each. ga 
similar to those optained with 15 observa’ 
level... Incvorder to make 

1 which WEB ‘equal ta the, Wi 


ns 


“A desert ption” o: 


as 


and 6 on another. 
‘vandom, 
“for. the 


The 


in each cag a, 
true” oor Was 


part Il, except that each 


@evOr 
and were ignored in on ning the observations. 
and the’ baal aaeiy 


coher of observations 


_the - werosol- concentration wae MOTE 
> the results” proved to be too eres 
ii and £13 tS permit distings dishing any effects of 
Were, combined in: order <6 
were 
These finel 
95% con- 


the 


Day effects 


tored 


at on 
gerorol 


ane 


ed from 15 abservations 


an order wo obtain reo~ 


under 


estimate, a slope 
pion obtained when 
he statistical trestzcnt 


‘these conditd 


the 


IV) RESULTS AND, ‘DISCUSSION 


A. &esubtes of Boni tort At mosphores Containing, 2 single Test Gas 


Net te RY ARIES eek A RN. 


The concentrations of test 12 atsospieres containing the eee cone 
centrations of « single. ‘obtaing fd ine part I of the program, are 
given in Table V. a 


SCOSSEXY ce excess es of ammonia, hydrogen fluoride, 
r ida, ane gulferic acid in order to obtain the required 
initial concentrations in the chambor Te oe for. acetylene and benzene 

a t 
fy 


Plus hexane wore made a 


chambor ‘humidity. ¢ 40% in order to avoid water... 
interferences in the infrared spactrometer. | ths gate for hydrogen. 
fluoride were aise run at “40% auaidity, due to inter ferences of water vapor. 
with the automatic inatrune ent. Ali other tests were made at B5% humidity. . 


ce intervals for the true slopes _ 
vo given in Table VI. HMid-points 
ulationg. Significant time trends 

de, acetic scid, carbon monoxLlde, 

ay dioxide, ogone, and @ulfur 


The regression Lines and 95% contigen 
which were determined frome these data 
of senmpling time ae used for the cal 
were essen in th ests of ascetaldehy 
idehyde, eee gor fivoride, nitroz 


5, Results of Monitoring Atmospheros Containing ted Rt) xture of Gases 
Three tegta of each gag were made ‘on two eeparate days when testing 

the mixture of all the geses, as mentioned previously. Twelve days were 

required to make the determinations. he results are given in Table Vit 


The vegression lines, presence of aay effects, and 95% canfidence 
intervals for the true slopes which wers determined from these date are 
given in Table Vili, using mid-points ipeealtaae time. Acetic acid and 
sulfuric acid were absent, . Thoy were probably conver ae to ammonium aretate 
and sulfate regpectively. Again, the hyde rocarbons acetylene, kenzene, and 


- . yea 
hexane were run at 409 humidity. All other teste were at aod humidity. 
D ffeots were pregent only in the tests of sulfur dioxide. Significant 
time trends were present in the tests of carbon monoxide, nitrogen dioxide, 
ozene, and sulfur dicexide when the & tests obtained on the two days werd 


combined, tenoring day effects, 


CC. Resulis of Monitoring At _Agnospheres Containing ti the Mixture of Gases and 


Particulate Waterial 


Three tests of osch Bas were made on three separate days when testing 
the mixture of gases and particulates in part FIX, and the concentration 
of particulates was nonitered continuously during each test, using the 
Sinclair-Phoenix smoke pho tome tor described previously. The concentratious 
of the test gases are given in Table Ik. Acetylane, bengone, and bexane 
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. TABLE'Y 
CONCENTRATIONS OBTAINED IN TEST CHAMBER MIEN TESTING 
- ATMOSPHERES CONTAINING & SINGLE GAS 


Pines 
AMOUNT INTRODUCED SAMPLING ~ 
| CAS inro cHawner, =<) "° Ting, | CONCENTRATION, 
3 prs by vo 
: pp2 by vol “f win 
Acetaldehyde 0.10 (6.18 pasted. } 6-20 0. ee 4 
495-45 O81 | 
ae © §D-70 0. ee 
“75-95 | 0.075 
a ai a 409-120 01068 
| Acetic acid 0,40: (1.00 ¥/Liter) { 0-15 | 0.40 fs 
a 20-35 | 0.38 | 
45-60 G.10 25 
: 80-95 G49 
_ 110-325 8.08 
| Aetyiene | 0.55 (0.60 7/liter) | 9-2 ° 0.55 
y 27-29 6.42 
| | 95-97 0.72 
| | 126-128 0.60 
| Acrolein 0.20 (0.46 Yiliter) 1) 6-80 0,16 oi 
| pe f. - 98-45 O18 
? 50-70 0:15 | 
| 75-98 | O19 ~~ | 
} a 2 10¢-12¢ 0.17 
| Ammonia 1.80 (1.08 9/liter) |. 0-40 | G.29 
ae 20-30 0.34 
’ | | 38-45 023 | 
| 82-92 “G31 
| | WO7-117 | 9.27. 
! , un ~s 
| Benzene + Henan’ [. 6.27 (0.85 >/liter) 6-2 | 0.55 
' benzere ~  §3-55 9,83 
O.28 (1.00 Whiter) | 79-8b bo alah 
hezene -- -} 402-203 | G.5i 
| 126-128 | 3.4) 
1 “@gellsn einebide- 290.8 Che setases) o-s | 19.0 | 
e 55-69 8.7 
1. 145-120 7.5 | 
|» 175.180 7.3 
| Formaldekyd: | G30 (0.37 y/liter} . = 0-5. | 5.32 
| 29-95 | 4.28 
42-47 0.39 
os BR S1 | 9.38 
| 2 BO-BS 0.97 
“yoo-i05 | algo 
| 122-197 | 0.16 
Hyedrogen cyan dhe O.US {6.196 y/ liter) G-20 0.14 
| Perse ae 22-42 0.34 
| dds 88 O38 
| } 2) 66-88 Q.12 
As . 130-130 0.17 


emmys ota ens 


| 
| 


——y 


| BAS 
i; 


ydrogen fivoride 


Hydrogen sulfide 


Nitrogen dioxide 


Sulfur diovide 


Sulfuric acid 


“TABLE V (Concluded) 


ENTO CHANGER, 
ppe by vol 


36.3 ag added 


{35 min of injection 
to obtain required | 
“Snitial’ concentra- 


tion of 0.007 gpa 


’ 


0.0052 ¥/liter 


0.26 (0.29 Y/Liter} 


1.00 (L.9] Y/liter) 
(tested with auto-- 


matic analyzer) 


2.00 (3.9 V/liter 


5.00 (13.2 Y/liter) 


0.43 (1.65 Y/liter) 
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ee tienes 
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SSOUNT INTAOCUCED 


Soe 


RAPE PRG 
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80-85 
92-97 


105-110 
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| 
| 
| 
| 
| 
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117-119 
135-137 


010 
19-20 
30-46 
40-59 
0-76 

100-110 


| 
| 
| 
| 
| 
| 
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os TABLE View fn 
SUMMANY OF SESULTS, “PART 1, SINGLE GAS IN CHARPER 


t i * : - 

AS eta xO. OF > REGRESSION LINE 98% CONFIDENCE rer | 

i “pen SAMPLES . LOG Y Body Fo bys , FOR TRUE SLOPE? - 

ee T6910 $< | log ¥ = -1.087., - 0.00094x | -0.00130, -G.06058 ‘ 

| Acetic acid - & 40 eae ae lég ¥-= “G49. 0" 6.0061 he G. 8107, -Gu0ls ot 

| Avetylene } 0.55 | 4 Lvs Y= ~0.30923 + 6. ooos7s | +0,00387, -0,00143 i 

| Acrolein 0.20 f 8 log ¥ * 0.82417 + 0.000622 | +0,00205, ~G. 00681 | 

| Amnonia 0.30 5 log ¥ = -G.53448 -.0.600382] +0.00244, ~0. 00208 

| tentene + hexane Oee7* fF 2B | leg ¥ = -0.186B8 - 0.00129. | +0. 00476, -0.00228 

| Carbon monoxide | 10,09 (4 | tog Y=. 0.98834 ~ 0.000742 | -9.60134, -0.00014 | 

| Fornsidehyde 1 9.39 ate Llog ¥ = -0,463 - 01002%x | - 6.60337, -0.06203 | 
Hydrogen cyanide |  -@,15 § log ¥-= -0.88323 + 0.000562 | +0.00238, -0.00126 = I 

: Hydrogen flooride 0.0672 | 43 fog Y= -2,2009° = 0.00571x | -0.00643, -0. 00699. | 

| Hydrogen sulfide %.20 | Leh | Lew ¥ © -0:57089 ~ 0.00025 | +0.00101, -0.00151 

i Nitrogen dioxids 1.60» 420. [leg Y= 0.062 o- 0.003472 | -0- cosa, -o,00313 | 

| 0:48 a | 

5; 


‘BS | tee = -0,7538- ~ 0:009482 | 0.03362, -0.00534 
7 


jlog ¥ = 9.490 - 0.00702 | -0.06832, -0. 00568 
_jlog ¥ = 1.1438 +.0,00085z'! +0.00178, -0.00348 


1 
Ozone : | 
i 


Su if uric acid 


encanta 


© Regression was ssid ty be peers: only an she confidence interval for the alope did net 
teclude tera. : 


Eqeri quantities bath hydrecertions.< - Seen Foot ttenteme 4 6 ems 


eo 
were added to the mixture, but were not monitered, becauee tests in 

parts I and 11 indicated that the infrered apectrometer underyent daey-to~ 
day variations, was relatively insensitive in this consentration range, 
and required e chamber asap ef 40% to remove water interferences, 


The vegresgion Lines, ‘pres @ of day effects, and 98% confidence 
intervais oe the true slopes pares wore determined from thece dats are 
given in Table ZX, using mid-points of sampling time. The chamver husidity 
was 5% in all tests, Bay effects were present in tests of total ned as 
and hydrogen cyanide. As expected, acetic acid and eulfuric acid dis 
appe ured. 


Significant time trends were present in the tests of total aldehydes, 
nitrogen dioxide, ozone and sulfur dioxide when the & tests obtained on 
the 3 days wore cowbined, ignoring day effects, , 


@ results obtained when monitoring the relative concentration of 
s during the 14 tests in part ‘Tid are given in Table XI, 


There waa no signifiesnt change in the Santuccises concentrations 
during the 2-hr test periods, under the stirred settling conditions in 
these experiments. As mentioned proviously, about hslf the weight of the 
test dust was aubaicren carbon black, with a number modlan dinneter of 
G,025 y. Throe tests were made to collect material on glass and staintess 
steol glides, under conditions of both stirred an} unstirrod settling. 

The slides were sttuated in ths lower part of the chamber, and were oxsnined 
after being in the chamber for 24 hrs. Only about 10 particles greater 


22 


TABLE VIL 
CONCENTRATIONS OBTAINED IN TEST CHAMBER WHEN TESTING 
AVWOSPHEHES CONTAINING THE MIXTURE OF GASES 


a 


Sg ape eg see te ee pe ee eeY LA TS | 3 r aye bok : oe ee 
GAS parts CHAMBER. me ; Tae Sbdacmrea ee ae 
| ot pra by eae ae | aS dawis #03 
r Tote} ildaace E 6. 60 Qi. 0% 9/liter} “9. 0-25 0.09 | 
10 . 0-25 0.06 
= Lo ae “el ~ goces 9.08 | 
| “ fo eg od §8-80 8.03 ' 
| eae 60 -BS 0.05 
| gf | 16-125 0.03 
_ { 
x . } 
|: Acetic acid 6. 40 a. 00 y/titer) Tey G-15 | none | 
oe | 25-40 none i 
| | 7 20-45} none i 
3 85-100 | none 
: SF cy ee ae | 7. 7 260-135 fone 
| : cates ea a “4116-125 | none” 
i Acetylene 8.55 (9.60 Hiriter) H : 0-2 | 6.55 
ieee eh ee ee ee 0.93 ia 
| : fis 12-74, 0.67 | 
| A j 97-39 0.76 : 
| | | we, | 119-121 | 0.63 | 
t 
| Anmaitia ; 1.50 (1.08 y/liter) { 2 0.10 0,30 
i | 2 15-25 0.22 
| H g 45-45 0.27 
| | 8 45-55 | 0.25 
a 75-85 0.25 i 
| 2- OC -110 0.29 | 
Benzene + hexane 0.55 (1, 85 y/liter) | 6-2 0.85 
| : t 35-37 0.33 
| ] 12-74 0.44 
| 1 97.99 0. 49 
| l | MI9-12) | 9.28 ; 
| Larbon maioxide vs 10.0 (12.6 y/liter) ~$ J 0-§ | 10.6 
5 29-34 5.48 
4 $8-63 S$. 
9 75-80 5.0 
H 4 110-215 3.0 
i 9 117-122 3.0 | 


TARLE YIT {Corn tine ed) 


fer NE fe Pee eee ‘ Ot AOS eae pea ey ba emermreenie’ tee ay 
AMOUNT INTRODUCED = |, SAHPLING Eres j 
| bee | “TRIG CHAMBER EMPTY beet 1 CONCENTRATION, } 
CAS RTO CMANGER, : ik#,: . 
| | ppn ky vol BAY; “aie pRSNET wen | 
1S IL AEM ZO le a ORO RTT A TORR LAT: Tt secacenst rans RENT A MEELIS A 
| Nydragen cyanide | O.15 (8.126 y/liter) Bese | 0-20 0.15 - 
=e eee Ome 2 aes 6.14 
| ee tae ee 42-62 mS ae 
| - “ 3... | 62-82 9,13 
| | ae 86-206 0.14 | 
Beer tec ee er sibs |e 0.13-- | 
i : 
| Hydrogen sulfide | 9.20 (0.29 y/liter} |. 4 k 0-30 | 0.24 | | 
| be 4 . 25-55 0.32 
| | 6 35-65 | 0.24 | 
4 60-90 6.35 
6 + 78-105 9.29 
| | 6 "409-130 0.26 | 
: Nitrogen dioxide { 1.63 (LOL y/titer) 4 il | 0-45 -0.9.. 
i 12 0-10 0.9 i 
| | rf | 39-40 | 0.35 
= 66-70. 0.09 
| ll 100-110 : 6.09 
| 12 115-125 | 6.07 | 
\ wer i 
Ozone 2.09 (3.9 y/liter} 2 I 6-5 2.16 | 
6 13-18 1.0200 | 
2 36-38 | 0. 48 | 
| 6 82-87 | 0.02 t 
| > 102-107 | 008 | 
| | 6 123-198 | 0.008 | 
| Sulfur dioxide 5.00 (13.2 y/liter) | BoE OS * hag 2.7 
| 5 6-8 1.) | 
} 
| | fe. 40 6-8 | 1.03 i 
| 10 12-14 035 
| | 10 17-19 0.04 
| 5 32-34 0.03 
| Sulfuric acid 6.4L 1.65 wine | 4 plo none 
fete f 7 20.36 none { 
i i “ a ‘ 
| ‘ | 60-70 nore 
70-80 rone 
j 95-105 none i 
115-120 ene 


; TABLE VLE 
SUMMAHY OF RESULTS, PART If. MIXTURE OF GASES IN CHAMBER 


Pe ay Poco caine See U EN Sane e . ee ee Seen | ge mC TE 
| ee PEXETIL | pmecuten | REGRESSIGN LINE I ay pS ee 
; | | Day ome LOG Y= 49 + by2 _ | SF RECT | TRUE SLOPE’ * 
j Total eidelyde ie ae ae los ¥ = -2.0509 -- 9.004912 | nose | 40.0057, -0.0135 | 
| , 9 0.6 [dog Y= l.US1} ~0.601322 | none | 49.0122, -.0143 | 
{ ! Ss ny H 
| | a+ 9 he | log Y = -1.0594 - 0.00472x | -- +0,00028, -6. 90826 | 
: | Acetylene | A od 0.55 log Y= -G.1688 + 0.00018x | -- +0,.00206, ~0. 00276 
Ammonia [ 4 LS log Y= 0.5618 ~ 0.06156x | none | +0.00291, 8.00603 | 
| | 7 1.5 log ¥ = ~0.55449 - 6.000642 | nine | +0.00222, 0.06353 | 
; pitt log Y = -0.54919 = 0.60126: | -- +0.90049, 2.90302 | 
| Benzene + Hexane?** H 0.55 log Y = -0.30765 - 9.00126x | -- +9.06223, “0.00479 
Carbon monoxide 3 | 10.9 log ¥ = 0.96976 - 0.00278x | none +0.00368, 0.50974 
} | 8 | 10.0 log Y = 0.81275 - 0.00248: | none | +0.G0407. -0.00903 | 
378 log Y= 9.97195 ~ G.00298x | none -0.00566, -d. 90036 | 
: 
{ Hydrogen cyanide yee 22 0.15 log Y = -0.81501 - 0.0009Sx | none ~G. 00122, -0.08075 
: | | 60 OCS log Y = ~0.99064 + 9,.00097% | none +6,.00495, +9 ed 
| pays log ¥ = -0.85964 - 0.00026r | - +0. 00108. -D.00158 | 
3 4 
! | Hydrogen sulfide 3 0.20 log Y = ~0.63735 + 0.00262 none 40.00730, <0. 00208 | 
: | 5 0.20 log Y = ~0.63828 + 0.00067 | none | +0.00517, -0.00383 
345 log Y = -0.57800 + 6.00040 40.00274, ~o.00194 
i | Nitrogen dioxide 14 1.0- log ¥ = ~0.04596 - 0.00972x | none ~0. 01492, ~9 OOL82 
i i ; 15 1.0 tog Y = ~0.13125 - O.0C975x | none 40.00845, -9. 02795 3 
i i esa ; : 
| 146 + 45 ; log Y = ~0,07968 - 0.00989x | “0.01419, -&, 00559 
| Ozere | } 2.6 log Y = -0.42038 ~ 0.02404x | none | 40. 03870, <0. GERTE { 
| § 2.0 log Y = -0.20306 ~ 0.01953x | none | -0.03703. -9. 05203 | 
t 4 
| 145 log Y= 0.32419 - 0.02146x | -- | -0.02612. -o. 01682 | 
| Sulfur dioxide | 4 '$.9 log Y= 0.51929 = 0, 06209% present | -0 05169. -9. 03649 
| 9 5.0 log Y= 0.89287 + 0.12862 present | -0.15882. -0, 09822 | 
[. | a+o | log 7 = 0.35165 ~ 0.06711x | -- | ~O. 10732, -0. 02891 


3 wnwolea of each of 2 gases collectod on on experinsninl dey, except hydrocerbons. 
4 couplen hydrocarbons collected. 
oe 
Acgrecsion gan anid to be pranent anlv if the confidence interval for the sloge did eat 
inetade 2ere, 


teats . 
Equal quantitios of both hydrocarbons, 


7 TABLED IX ; 
ACENTRATIONS UoTAINED IN TEST CHAMBER WHEN TESTING 
is CONTAINING THE MIXTURE OF GASES AND PARTECE ATES 


. _ AROUNT INTRODUCED Egy pay CONCENTRATION, | 
GAS INTO. CHANGER, DAY by vol { 
ppa by vel hia 
TC AOA SEM DELLE FLEE IES ISS NRA RTE THT NRE TE EE BOAT PASI ARAN ALT ESOL 


pen re nent a eta rt GRO ARE RUE tN A tn AR NRT le RR OY Oe In A AT CO ON Ltn LT 


Tors aldehydes 0.60 (1:0 7/Liter) 3 9.12 
= a 5. 0.14 
- ae O13 
9 0.09 | 
a. 5 BB i 
ae | ot 
5 i | 0.060 | 
9 0.08. | 
ae oe | 9.05 — | 
Acetic acid 0.40 (1.0 Y/liter} uf 7, | G-35 | "pone | | 
ES ies VE Ae i 12: O-38 H ~ nons | i 
a a 12 30-45. | none 
2 59-65 none ; 
me 60-75 | none i 
fe | 32 —-BO-95 | none 1 
a se od 100-115 none | 
i oa aan | 100-145 none 
i 2 | 135-338 none | 
Ammonia 1.50 a. oe g y/tiven | 3 0-10 | 0,227 i 
i 8 0-20 0.29 
. 10 20-36 | 6.22 
25-35 | 0.26 | 
: 5 | 45-35 | 6.28 | 
4 75-85 | 6.25 | 
0. 15-85 | 0.20 | 
ee 90-100 | o23 5 | 
10 120-130 0.25 | 
Carbon monoeide t 10. @ AL. é ¥/hitar) Bo. | 0-8 | 13,0 i 
6 | S10 | 7.5 
ee ear oe | oo 
6 | 30-35 10.9 } 
i 12°F 80-88 5.0 Ct 
| 8 60-65 7.5 
g 100-105 7.8 
| | 6. 115-120 10.0 | 
13 330-195 10.0 
Hydeogen cyaniae | 0,15 (0.126 Y/liter} id. 0-20 6.12 
‘ : 40 — 4-88 { v.14 
Bf aseas | 0.20 
10 6-60 0.10 : 
re 60-80 0.09 | 
8 7S-88 0.12 
' eda ee 7 
B-18e | QL: 


“TABLE IX (Cone luded) 


. Seeder ara 
SAKPLING | CONCENTRATION, | 


AMOUNT INTROBUCED 
Gas TIRE, 


INTO CHARBER, gre 


a ppo by vol wis [ee vel | 
| iWydrogen sulfide | 0.20 (0.29 Y/liter) 1 |. 0-307 | 0.24 | 
Tee Tod. 18-40 | 6.19 ae 
re rr a eS | 
| Ee | 80-70 fj 0.2K 
| | 1 oF 70- et 0.50 | 
| PA fe 2e0- 330 C124 | 
| | | 7 | 10-140}. 0.29 | 
| 3 J. Us. | 0.2 | 
| | | 3 | 145.175 0.24 
| Nitrogen dioxide | 1.00 (1.91 Y/liter) | ML} 10 09 | | 
| Se ee | ee Mees ll te eae 
| ; 2 20-30 Od f 
13 20-40 0.25 
| | | 11 [50-60 | 020 - | 
| | 42 | 88-65 es eae 
| ii | 106-110 | 0.8 
| “43 J 10-420" 0,09 
| | a2 | as-12s | 0,08 | 
{ $ 
| Ozene 2.00 (3.9 V/liter) | 4 0-£ | 1.80 | 
| | ae | OP 8-10 | 1.30 | 
(1 | 36-35 6.99 
ee 1 69 | 
| ee 45-50 C50... | 
| { ! 1 > &2-87 0.05 7 
| ; 9 90. 98 0.065 
| Ses { £ |. 95-108 he G.001 (trece) 
| i | 95-100 | 6.001 (erace) 
| Sulfur dioxide | $.00 (13.2 y/liter) | 6 0.3 | 3,3 
| . 14 5.8 | 2.0 | 
\sironiee Ja | 6 11-14 2.2 
| | 1) 13.36 | 0.6 
| i ei ed a1 
| | is 20 23 6.69 
| | 1.76 20-23 as 
| rs 97-50 0.04 
pou 36 33 0 05 
| Sulfuric acid 0.81 (1.65 Y/licer) (ie 0-10 nove 
{ ‘42 — 0-10 none 
| 12 35-45 rons 
| 2 50-60 none 
H T 60.70 none 4 
| 12 80.90 none 
| rs 100-110 none | 
! 7 100-310 wore 
| 2 | 115-225 none { 


AN caaetemeecetepetiet easton ntee en sa et —. sateen anh entneth fette et ete as ae men tt ee ae 


pee eter eget tite Be atten. pap atten nn annem anata 


z 


ALE K 


TA 


inde eases apes ok 


Steere heath, sith a sctis cuasastet eS cata ER Tala eI od re Se ee 
co. es Sats es A ornate, 
Dar et WD onde CA TO aR Cy ited ) Bam te ie 
- j wectn $2 MWe te gee 3 man & Wipe ee Eee 2 a2 9 aoe | | 
Be (Se § Hae gee B Bhs BERS & Lee So Sek SF ESS GI 
1 Oe } S53 8% S88 2 #80 8 8S 8 RSS Bo poet ws wee oF NOS ai 
fie te f : Stat © a Set 3 (pane i 5 rae ae 
(E" Nisa o deca o os co cod od o pee Ge eae Co) eee ee ridin & : 
pol ne Ree Beat KG . ¢ , = 43 3D i wor sa A ed ’ 
ter wid Tyr 4 5 ; ¢ aes rer 7 Ee GB OPS p em oO EOoe Oo eae of 
are roe fee iit | VRPT YY TPT WSs 
bse Gg oe = So RR SE ate ‘ 
Be ee Wee w oat Guat of i oo owe 8 wes wo eae uw - 
: e iq > ST iy ee eo tng ee » e ~ * = ares . 
oR eet 2 Sag BRAKE G BOS & Ste & 265 8 BS H Ses Al a 
dee UEP eee Se SB verw Co were Yee Ae ; 3 OL <r EAth CA $8 
liseeiouea g 855: Smee et Smeg wa Wet 1 GN cone CI 7 
Savy BE Bes 2 bs Steer & pop PE ors ye a pw pee ene SD as A SO | 8 
‘os i ee OM MP OE te BOO & 665 2 ssé N coo s 538 ef 
§ AD G2 <a i eS a> Dep Ls eo se eee * of her he F ected f 2 i 5 “3 
aSP7P F Fee SF SHS ie or PA WEP 4) OS4n @ Ooo oc oo od cs 
£ h 4 elbeae Fo mace a et lee a + © €34 i + & i? - ng a i “ 
aa § ards ao tae, 4 eS 
| eB i wee ae og Bee u¢ 2 
3 | « Pa t : aos Lt Y &ay i e 
% i am | tes § esr | 358 $ 882 | SR : BEB 1f ° 
~ { been 7 © ooea & 3a awe an8 Bad | 
1 wren cn Pearce 4 
1% ? ‘ nen te care ma eens ee tore Bs 
Ba) j Somme een ares son 8 a oe Scape teemente nina ee ” 
sé i hk es MOR eg ee wea i 
= i Sar Sus oc 28% 23 aus a au g das 3) : 
Ee i fees tame oS Es Oe Om Re Ok eet ne ~ 
a i eayces Spo GS Soo 42 2548 S BSB BS ERS vt 
. laisse S85 5 S58 & S82 8 S85 S S&S S) 2 
Shea i oe. gD - nd 2 . . - . . . . . . . * . , 7 ee 

i 2 Cae COC S GLO SF CGS SO SOS 2 Sd o|{ res 

eB a 2s fomae gb. Pe bo rt bbe Bee a tag gt me we 
Bn i ot aS i Wo ek A SPUD SU amy ek 7 j EH 2 
ie 1 BS pao nae 8 #93 8 £24 8 pee & ABS ¥! ese 
a fe pees PMY BP Woe fo Mea eS hee a was S] ins 
ag i 3 i hive BSe RB SSS a Ses 2 wwe A med | = by 
ti b BPO RF ag ae : faa 4 oe et ERO Ee ON - 2 

a 2 ge Sy ex Pong hd . mba: ce’ : nd y re 
#4 H 5 re re SPO Ss GSM e ea : te 8 

: ree peas PEG PEROT SLES ate Oreo 2 
fed 3 % BR tad : : ‘ ane Nace 
& BS ene i nar Hod ti u a 8 x a R uoR A Py now i H = 2 oo 

4 . Met i = <j 
ee Swtate fe Ready De Badyde oe tele by lhe de | Be "i 
. as te: & : 
a H fede eee BB PSP YP PER Lowe @ wt we e 
bey emt emt net kon kan es han to Oe Se ee) Po pec yen red te 2 OO G c Be a 

ee cf Geet fale se SE eS palais <3 
ea ie i ” ici nd sarc erwin abides ie es 
<p we 
ee zB 2 iy d ‘ MGI a oocy : a) ee 

1s > =| OO wasn aco pete) eas Sen SIO eons ep -3 3 
nae MEO Me 2 toeper ~ et son ech Coe Bate. <6 oh) =n ayy) 8S ae 3 
x x . at aoe | Oe 4; 5 ; 

‘¢ BETO. ci Se SAS SSS etd. | ciated vivid 2 8 
cd i es. t : : a pie 
4 Sov : a Ht 
ww :. 4 #y 
uP , palcuaneins Saimin i va i Fon j a a 
ig i } nen teeter nt enter sneannie enero tot meeps ate 4 2 
iss 7 y 2D * o, ~ aK | 3 cad 
eats Pes H cs a4 ~a be fs ~ a Ri % ca 
es ' <6 ; + “es » see 6 a 

} Rte } * ree + + + 7 A 

Seow > wer Fons wh we 1) 3 = a son se are 
te iia yo SIS WN Sew MO KS 6 em Mm me EY MN ee Ti my 38 
a ‘io > + ~ > eb fT og + ana { a 
a j * ee 
ae i ee es bel be oe et net Se 
= ; i t< a cea | oid e 
tH oie ee i ates non anaes wanna a 2 s 

t 4 a ? Dae ee ge eS ae tae pe re a 
1g g x 3 4 i a Oe 
§ ot “SS al +84 red 2 A ‘o eee 
} is 4 is be 3 3 i & a 
s x o rt BE a5 
as 5 & : a5 
ey is S i = zal 7 | as id 
ee 3 ay ¥ = "GS 5 { o Had 
a oo 2 . . in y pales 
poe “ : g g g % es 
j a vt wy a ca s a aA 
; pao oi BS + an Pex s o Te ome 
aS re 2 : a 2 4a 3 ; bs ae 
2 é aa Ee a 5 Z te i pes 
§ 6 au < = ad 3 < } ae ert 
a & a ib ~ $ tt et 
ae: a a en a ee ; | my 
} Ps 
Ped 


TAL F, xe 
RELATIVE CONSER TRATION or. PARTICULATE MATERIAL Ih GAS-AEBROGO, 


MEXTULES MONITORED IN PART TIX OF PROGRAH 

Peete ene ieee Sree nC neces Acan Denne ee piesa 

(Peeee nee © Ch a. NIRA, {:  AEADING i BEADIEG 

met mat amore | co Se 

i pao f 3.90 | 1.06 

2 eo eae 101 1.02 | 

3 i 3.400 0.99 | 1.09 

: 1.09 1.02 1.08 | 

5 hee 8) (@.97 0.98 - 

| é | Lop f  o.98 | 8.98 | 

| 2 1.00 0.97 9.98 

8 Loo | 1.03 1.06 

g 00 + 1.02 7 1.04 

| 18 | 100 6.98 0.97 

v | i aire 1.02 1.03 

| 12 ee cen ee Cae | 

| 13 Po nee =. doo: 0.99 | 
it i 1.02 


Haxiwus reserder doflection chtaised within 3 seca efter particulete 

i ov in ali eases. Randiage uorsalired, with tcitial reading 

es ons tdered en vnity after subtraction of boeckground reading, obteined 
efore iniartion Tuitial readings were reproducible to il. 


microscope were obteined on a slid 


the Limit of vesolutions ef the x ide, 
was attributed to the eee gunll asount of material (1.2 mg) initially 
injected, Two tests wero wade in which 100 mg of the mixtures was ing logs: 
stirred settling conditions, the other with the fan off. 


lides were removed after 2 brs, and were observed under the iiesess OUR. 
@ were epout 16 percicles per sa umn, and the size distribution was 
euseatially the same as that given in Table IIT. It fe concluded, thon, 

r these . = éonditiong,; a stable sugpenaicn of particles 
in the submicron ran ‘event during the 14 tests on part III. 


ve 


bea 
% 
fae] 
a 


Bb, ning Paria Iz and Tit 
Ag shen in Tables Vill and X, the variability of the results proved 
to be too freat in both parts If cand Tif to permit distinguishing any 


effects of the serosol on the gases in the mixture, The results obteined 
san in the two parte were then combined to represent a totel of 

18 observations of each constituent, in order to obtain a better estimate 
2a ental error in wonitering the constituents, ignoring the infre- 
quent day effects. The vesults are given in Teble XII. 
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s ap in Appendix D, "Statistical Treatment of Data." Te was round 
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COED INATION FARE 12 (GaS8S GLY) AND PART LEY (GASES + PADYSCULATES) 
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ALSARSSION LERZ | sn BINT sIneHce 
oe . Loe ye dy + b. - | | ASTEATAL Fon TRUE Shc 
| Vota! aldehyde | 6.6 | log Y= -l.giaa - O:00102. | *, genie, “0.00496, 
| dxnonie 4g | log ¥ = 0. $8256 ~ 0.600802 | $9, 00007, ~6. 60167 
Csebon manoyide 10.6 | log Y= ~-6, 91945 - 6.001202 +9, oeats, ~G. GSES 
| Hydrogen cyanide G.°5 | log ¥ = ~0.98534 - 6.60037 S| 46,0504, 0.00156 
i Hydrogen sulfide 0.26 log ¥ = -0.58760 - 0.00012x +9, 00026, ~0. 90856 
Riteagea dioxide | 1.0 | log '¥ = -G, 1307S ~ G.80e6Gs ~0. 01167, “OG COTTE 
| Ocone f 20° log '¥ = +0, 52661 ~ 0. U2E8Es [ 8.08390, 6.0200" 
[ Sulfur dioxide { 5.6 aaa. log (¥ = -0.53900 °~ ous sasts { “G.B8747, -3.04 ant 
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time thet the teste would be repeate rd wueee hens conditions. 
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Total casi Jo, 8ehB . 
Arnona 9.35 | 
x Cat os monsgids - 10.0. { 


thydrogen Cyanide 0. 87 
Hydroyen sulfide 9.27 
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Mitvogen dioxida of | 6.15 
Selfar dioxide 1.08 
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it is feasible to prepare the gas~aerosol mixturea in larger chambers 

and to monitor the constituents by the same methods used on part IIl of 
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The method 


$0,000 liters capacits but it should bo tasted further, for interferences. 
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fe acid in thé tost chanber or bys firet. absorbing the 


fowetic was Os LE 
ic acid in a solution containing glycer 2 amd -wWater, and then dotermining 
goidity of the solution, usinr Fleishs sOthyl purple, Tho method has 
degers by Miller, Scherberger, , ond Pansett f2). The 


‘othed ig sengitive t¢-9.5 prin tim aie, it was eodified 
he present programs to be engi tive to about O.2 pou acetic acid in air. 
on dioxide in the oir .doea not taterfere with the analysis, but s 
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Collection of Sample 
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test air wes om saiiod sore a fritted bubbter containing 30 mi of 
sosution aa eetet ing Fleisher moths) purple indicator. Yhe bubbler 
amoddiue frit, and was 20 cm jong and 3 em in diameter, 
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Used in Parts 2, FY, and Wty cea eas 

Mi lier, Gishard| Behw taney Beookeyre, and 

Devid W, Toterednation of avetio agido dn aby. As. Ind. Nye. 
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Aveoo, Shiert ny ee, 2) 4 AL VS4 (dures, , £956), 


The 


gir was sampled at a rate of 10 liters/min until the indicator 
turned pale blue, as descr ‘thed below, In these tests, the sampling period 
Was gebout 15 minutes. 


whing Selution. Pistilled water, 495 ml, was mixed with 
i glycerol (Eastman Kodek Co. Catalogue No. 338 ). Ten ml 
isher methyl! purple*® were added to the solution. Fins nliy, 
rops of Dow Corning Autifoam A wae added. 
2. Stendard Acetic Acid Solution, Gleactel acetic acid, G.3853 mi 
wag diluted to L liter with distilled water. One mi of this 
solution ‘contained 1 mg acetic acia, 
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3. Wieropipette, 0.005-m1l graduations. 


PR. Procedure 
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i. A chamber blank wes obtained by drewing 180 Liters of clesn 
. Chamber sir threugh 30 ml of the absorbing solution, This was 
the volume of air which would theorstically be required in 
these teats, The absorbing solution was then titrated with 
the stendard acetic acid solution until a color chenge fron 
green to purple was obtained; 0.23 ml of the atandard acetic 
wcid wes required. 


2. =A reagent biank was obtained by titrating 30 ml of the ebsorbing 
s@lution as above; 0.26 mi of standard acetic acid solution were 
aiso reguired for this titration. 


3. Test samples were then collected, aliowing the alr te bubbis 
through the absorber golution just until » pele blue was ob- 


ution was then transferred to.a 10-m) 
sek. and wos carefully titrated to the firet 
ee. ee — using the ideroburette. 


C. Calculations 

meh mad tandsxrd contained 1 Ing of aeetico evic, and tne mer of 

acid in the smrule waz equal to the mg of acatie acid required to titr 
bing solution (in these teste. 0.2% mg}, minua the m 
acetle acid requ cen to titrate the sample from blue to purple. One rm 
of ‘ equal to 408 pp. 
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Fleisher Ciheniea) Company, Bensamio Franklin Station, Washington €, D.¢. 
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The method requires pra .ctice in order to obtain reproducible end 
points. Bue to interferences, the method is only useful to determine the 


total acid in the atwmosphore when monitoring the complete gaseouaz mixture. 
The effect of gulfuriec acid serosel can be excluded by using a millipore 
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2) Petermination-of Total Aldehyde as "Formaidehyde"* 


Lied 


Aldehydes react Haeiaiy in an aqueous #olution of sodium bisulfi 
form nonvolatile sodium formaldehyde~bisulfite compounds, as in the following 
xemple of the reaction of formaldehyde: 


HCHO + Nali$0, ——— Hao 


can be decomposed only when the solution is made dia- 
This proporty permits, direct estimetion of small amounts 
“destroying excess bisulfite with lodine at pH @ to 7, ilber- 

ayn combined ca sulfoxylate by proper sdjustment of the pk, 
andi’ titrating the dissocisted Buena tee with a standard todine solut 


don, 
In the method deseribed below, the Dees couplex ig hydrolyzed instan- 
taneously at room tempereture by addition of godium carbonate and sodium 
seetate, and the solution is then ieee £0 @ etable, stoichiometric end 
point (a), 


il Collection ot Sample 


The throueh an im guy which was 12 cm lear and 
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‘dmpinger was 0.3 ecm from the base 
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* Geod on Parts If and LIf of progran. 


{a) Solidman, PF. OH. and Herman Yagoda, Colieation and Betimation oy Traces 
et Formidebyde in Air. Ind. Eng. Chem,, 24, 377-378, Jume 13, ats. 
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S&S starch solution was added. 


was titrated to a dark blue end-point with 
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, The solution was brought back to x faint blue end-point with 
OC) W lodinae. 


6. Tvanty-five mi of sodium carbonete buffer golution was edded, 
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itn the reaction under the oxperinantal con- 
obtain the ammon 
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i (a} FF. OH. Goldman aud M. G, Jacobs, Cheatcal Methods in Industrial Hystene 


are on " eS ry ow 7 7 t : 
Sytersetonce Pugihishers, Ine., NY. 1953, page Se, 


ANG Apparatus 
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kL. Neasler’s Solution 


+ 


Nessler'’s solution was obtained from a selentific supply houge 
for this program.* {t can be prepared in the lahoratory according to the 
yvecipe given in ref. (a). 


2, Model 402 E Liumetron colorimeter with 25-mi cell, 44G-mu 


B. Procedure 


he tes¢ solution was transferred from the impactor to the 25-mn1 
Lumetren cell, and 2.5 ml Neseler's solution were added, The solution was 
mixed, and then read in the colorimeter, using pe 449 mi filter, A previ- 
ously prepared calibration curve was used to obtain the concentration of 
ammonia in pom in the test sample. The calibration curve wae obtained by 


udding known ee ee of emmonius sulfate toe O.1 N sulfuric acid, 
cranstferring 25-ml aliquots to the Q5-mi cali, treating with Neseler's 
solution as described above, and obtaining a curve of concentration of 
anonis vs. the leg of transmittance, A stock solution of enmonium sul- 
frte contaising 7.09 y ammonia per mi was diluted te obtain known 
concentrations of ammonia applicable to this program. 


Cc, Sensitivity 
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Undor the gampling and analyztug conditions dsscrinsd above, the 
method is sensitive to about G.03 pom (0.08 3 y/iiter ammoate). 


iV 


The above technique ahould be satisfactory fer determining the 
concentration of ammonia in chambers of 50,000-lLiter capacity. 


imann, Inc, 1400-16th St., San Francisco, California. 
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(a) P.O, Goldman and M. G. dacohs, Chemical Methods in Industrial Hyetene. 
Interseience Publishors, Ine NY. 3955, page @2. 
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noningtrumental method gor detection of cerbon 


ry gble on this program wan the modified Shepherd 
ea sehen sique was developed by the National Bureau of 


Standards, and aa granular, yellow indicating gel that tourna green 

in the presences arbon poneetaes Ths indicating gel is prepared from 

purified silica sae SEY vhe addition of palladium and molybtenun salts and 
es 


the subesquent treatment csserlbed by Shepherd (b). A guard gel is used to 
art ne gubatences, particularly water vapor, from the gas to be 
air is deawn through the indicator. The concentration of 
eee monoxide is then Getermined directly by matching the color of ths 
ndicating gol with a color chart or set of standard indicating tubes. 
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nt and Schinkel (c) have discuased the uge of the NSS cerbon 
aioe to estimete seitdhas monoxide in mine gexec. The inter~ 
e jor oles ves produced by various tast concentrations of hydrogen, 
in &Bydrecarbonge, and Gthylene are deecribed, The indicating gel is 
ngitive to hydrogen or methane. The sensitivity to paraffin hydro- 
crenses with the mumber of carbon atoms in the hydrocarbon mole- 
ule, end reacta to pive a derk zone at the point of initial gas contact 
with the indicsting gel. The gensitivity to ethylene Je vory great; traces 
of ethylene produce 3, blue coler in the indicating gol. The method wes 
tested for intorference by the initiel concentration of hexane used on this 
, 0.28 spm, There was no interferance under these text conditions, 
Interference by ethylene wre not o problem because ethylene was not a 
faceous teat mixture, 
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ad to completion because the above mathod 
tory. This second method was ee by the Burvau of MS 
essenti Sed of pringing a m = volume of air sample inc 
acid go eas conteint um chioride, phosphomolybdic neid, and ace 
tone, Mo Lyodenum blue wag pr Sciiced by tha reduction of the phosphamolyhdic 
acid by earhon monoxide, and the concentration of carbon MOBO oxide could be 
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but was mot cervis 
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* Used in Parts [, 11, ama TIl of the program. 
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(b) Shepherd, Martin. Rapid deterninaté on cf small emounte of carbon 
; Preliminary Renert on the NBS colorimetric indilesting pel. 
13, #7 (19473. 


¥. and WH, Schinkel. Indicator sempoulas for carbon 
Wd their uss Yor the detection of carbon monoxide in pine 
Uckeuk, R?, 885-885, 1951. (In German), 
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A. Saapl ine Dovice 

ide detector made by the Mine Sefety Appliances Company” 
.c2 consists of a agugase-bulb for drawing text air 
indicator tubes; and a eee goale te detormine 


oncentration at enrbon monoxide in the air semtied. 


WAS UBS 


tor _ tubes for this instrument, contaiming « yelicw geilica gel, 
iilica-molybhdate compound and catalvesd by meens of 
Bfate, wore also obtained from Mine Sufaty Aypliiances Co. 


IY Anslytical Method 
The opie) limit of reproducibility of the dustruwent ie 16 pre carbon 
t the direotions fer esapling which anmompany the instra- 
m“ipling & bulbfulle of teat alr. However, it wae found 


mont, eee “wh i) 

thet 26 bulbfuil teat aix contateaing & opn carbon monoxide produced the 
game Ludicater au & bulbfulis of test aiv sontaining 10 ni Cargoan 

monoxide, snd he vango of gonsitivity was £2.68 pyre under these test 
onditiong, T naitevity waa conulidared to he euffictently high for 


ana Gamniine from 50 ,BOO-Li tar Chamba r 
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samples could bo collectod when moni 

AG Liter chamber. Under these ahah Pia the prom 
decoribed by Shepherd in ref. (a) conid be nitoring 
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ah 
wonexide with an accure £4.02 gem was desired 
sutiy aeonilesbie, ae Heenrsave degerdbed in the 
‘ora utiined boys, say be used. 


: sever, if the 
‘ @ sts) in > giv in iG ppm, ax it 
pies on thsis ine LOE cite Using the Nine Safety Appliances 
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KR. DV, LL. B. Berger, and HW. WH. Sehrenk. Colorimetric Detemina- 

lew concentrations of carbon monoxide by use of a paliadius- 
molynudie unideseatone regent. Resort of Investigations 
*, of Hines. Kovember, 1O44, 
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Cat, he. BY-47 285 . 
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4 
formaidshyde 2 uber was determined by messuring the 
vioust 9 iops on heating with chromotropic acid in the ee 
ence of strong sulfuric acid (a), Formaldehyde and chromotropic acid rene 
in en ‘ to form @ complex which is gteable up to about “goo"c. 


Yhis ngmnereeietie permits separetion from volatile interfering compounds 


3 
that evaporate below 200°C, This characteristic also permite concentration 
of the sample hy evaporation without loss of formaldehyde, Therefors, if 
the amount of formaidehyvde in the original sample is tow ameall for direct 
reading, a@ cancentration step may be sdded. Thia step wou not used on the 
present program, but ize deseribed below, {[t should he included if the 
concentration of formaldehyde fells beler O.1 y per ml of gamble. 
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Collectie on of Sample 


pet nemen 


Ae ng Dovice 

A feitted bubbler was used to obtain formaldehyde sanples., It was 
25 om long, 3 em in diameter and contained a mediua Prit. 

G. SGrampling Technique 


3 ive ml of O.2 N sodlum hydrox <tde woo transferred to the bubbler. 
ty~four liters of sir were sampled through this golution at a rate of 
fh ¢ , 


ff Analytical Method 
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A, Reagents and . Apparatus 


i. Chromotropie acid, 2,6-dinydroxynaphthalonerd ,G-disultonic 
acid, Eastman Kodak (21613), 41.0% aqueous ewlution. Tan 
mihliitiiters of eas golution were praperad, fritered, and 
stored in a brown bottle, When this solution sarkens it 
sheald be discar eae and @ fregh aupply orepered. $ 
sodium salt, Eastman Kodak (P~230) wae weed on this pro- 
gxom.®* he solution was prepared fresh daily, 


Tested im Pert Y of the program. Interferanees from acrolein and 
acetaidehyde present in Br arta If and LET, 


Formaldehyde tn Air. A apeelfie test. 
(3), 27-29, 1254, 


¥* 4 S-dihydroxy-2,7-naphthaions disulfenic acid { 
Catalog No, P-230 
Hoagak Co,, Roche 


iigodiua salt) 
Dintillation Produces Industries, Biv, of Bastuan 
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ar *, wy 
yster 3, N.Y. 


4. Formaldehyde stendard soluciton "A" containi« oe ae g to Sead 
dehyde es liter of QO. N sodium hydroxids, Seluthon keen 
ae two wooks, 


| 4. Pormsidehyde stendsrd solution “ps” S tahanaier po 
dehyde per Elter, -BMlute 16.0 61) of Forne na yde Standard 
Sclution. “A to one liter with distilled w: Thie solution 
ins 3 wl, It should 


30.0 micrograms of Yossaal Hence per 


&. Lumetron, Kodel ane BE, with 352] cell and S5G-r: filter. 


8. Procsdurs 


Ae a a Le see 3 Brae Se 


aliquot of the sample waz raneferred fram the bubbler to a 
er flask, 0.25 mi of 1.0% ehecnotrenis Bold Teagent wee 


AS 


d sclution was mixed. ee ml concentrated sulfuric acid 
added with caution, ent thoroughly mixed. The sulfuric acid wae added 
Bf sOCn as possible after the chromotropic acid had been mixed in the soln 
tion, as the chromotropic ae galt deteriorates repidly. The solution was 
cooled to room temperature, ‘which tine color developznnat wes complicte, 
3 h 


The solution was then ea to the colorimeter cell, and the conser- 
Es bib ae of formaldehyde wes reed directly from a ealibration chart. The 


sion chert wag prepared concurrently by treating a bienk (38 m 


as 2.4 a 
re hydroxide), end 36-1 gOlutiona conteining 10 7, 20 7, end SG > 
formaldehyde respectively, in the same manner ag the unknown. The calbiose 
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trancmittanse vs. y foxweidehyde/3h nm 


a alouiations 

The veading Hon the calibration chart indicated the number of y 
formaldehyde iu G& liters of test ay a8) 4/54 of this value ae 
ramber of 7 sorsaiaeh raQefliter; 1.227 "y formaldehyde is eauivalent to 2 pps 


formaldehyde by volun, 


D. Seasitivity 
Under the sampling canditione used in this programa 
sengitive to 0.0% oon formaldehyde, Gr to shout 232 of: 
tration of O12 poe in the test chamber. If the amount 
i§ than about G.05 pon, 0.25 mi of the cbhromotropte 

d to a suitaole atiquot of the test solution, and 
trated by evaporation, i ts tnen diluted te 20.9 ml 
hydroxide, followed by the procedure deserlhbed above. 
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The method gs ribed ‘ahove ie dizraetliy appliceble to ecaled-up 
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There wore nO directly suitable, noniusirumental techniques 


dons rether than ¢ 


anagivsig of humans, bengene, end acetylene in the concentration rence 

(8.58 pon and below) ae a this program, The MS4& aromatic hydrocarbon 
detector** is gensitive a beuzend under presertbed test conditions, 
The aethod was wodified ga that a auch greater volume of alr could ba 
ganpled, bud the ae could not be inereszad. The method of 
Moffett, Doherty, and Monlcuen (a) le based on the he Cal gbsorption, at 
aelectsd ultraviciat wavelengths, of bengene in iso-octane. The method is 

tapis Ogura? but is sensitive in the miiiL he 

ae 


punmena., Other ultraviolet - 


ROYrG complex an nd would seoqulre fveczeout semples 
{e. G)} and gee-liquid partition chronatography bee 


quizve freezeout sonplen, e@xbengaive fecilities, and highivet 
i te g 


a na 


Hydrocarbons were deterained semi-quantitativealy in this progres by 
speatrometry (f), Tho method was rapid and gimpie, the resvlte were 
bie, and no Freezeout wae resuired 
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* Used in Parta J and Iz of program at 40% relative humidity in che 
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Hydrocarbon Datector Cat. No. BD-72075, Mine Safety Age 
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(uj Berfett, FP. AL, T. F. Doherty, end a. L. Monkwan. A Direct Method for 
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Stien and Determination of Hicro Amounts of Benzene or 
im Air, As. Ind, Hyg. Assoc, @..17, 88-188, Junc, A956. 


eliff, 0. BL, RL EL Brattain, and LL, RR. Buwmvalt. Bensanc, 
yibensons, O-xylene, mexylene, and p-xylene determination by 
olet spechrophotometry., Angi. Chem. 1, 96-94, 2240, 
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(@} Brown, #. A, Compound types in gasoline by mass spectrometer analysis, 
Anel. Chom. 23, 4860-7 (2051), 
fe} artin D., Porter, FP. EB. and ftrogzs, of Ho Gas chromatog 
peguirements Yor quantitative application of gas-liquid 
chramatograbyy. Anal. Chem, £8, 820 “(1988), 
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A. Procedure 


tree hat ethene eet 


Senplea for dete vain ien of hydrocarbons ware annlyzed by infrared 
spectroscopy, using a Pert Poel cs Kodel 22+ Snectrometer with « LO-meter 
absorption ceil. ake Beal was Piest evecu Lapa and then filled with rece 
air to furnieh a background ee eeace. The cell was evacuated again and 

42! ta uncontaminated air from the. ee inne, 1.6., aly which did mot 
at pollutants. This second tackeroung was obteined un ovder to 
Fe essary 


meaber airy and the room air, and to furnish any ne 
for the subsequent teat samples. 2 
erhodic samples were teen From the 
n céli and then bleading the re 
suph a polyethylens tubs, until 
and one-half liters of alr were req 
aie ae prior to eech tank sample to compansate fox ampli- 
in initiel tests of the method, it wee eres hat hexane tid 
t . resolved separately. - However, the concentration of 


te x 


BUF OL could no 


s 


eae eee benzene could be ebtained in the 18.25 - 17.80 region of the 
sean, These are arbitrary unite which includa tha 9.42 wicron C+H 
absorption hand, on ne at which is the region in which Cy 


hydrocarbons absorb. The infrared : pectrometer has alow sensitivity for 
£ , ethylene, and acetylene et “the 3.4.emicron bend. Coucentrations 

of aeetvlene were cbhtained by observing tee ean at the 13.72 wieron 
ahaorption bend, which was included in the 7,€5-€,25 region of the sean 

on this instrument. The lnustrument settings used in these teats are given 


below, 

a as Pea anne! Teenie: MAGRREEEES GErTeeerre rem erarerorarer an 
t 

i | RESPONSES, | SPEED H SLIT OALM TEST SiG83L, el OF | 

seen a eT 86) wee, t isda i OH ALD : 

i COMPONENT {erbitrary | (rin per ‘dren | BIOTH, I ferd bicrasy | euhiee I Card cates i 

i { writs) revolution) j {ark units) En heer Been ! 

fearenmcmnenine enema serous mc etenser tans sane rant howtos aire tC nareintnt fasten me ase bn Be recta apatite canes uinaid 

hexane snd Renrane ! 4 4 i 0.40 { - 45-2 | Jog E/N = O,2k [3 18.25.97 82 i 

i i t 

{ Acetylene { 4 4 ; 2.0 {| 20-8 [los i/M = 0.30] 7.28- 6.751 

1% neta areaienenet ens a nai Stemi Nona at he matte EERE NR A ERRATA tend tre tee men Ltet dat nis Auvennenemnaned Ante teste? ermetsmeonanetan dlansetate ered tamnant ant Rutt murine tin germane HU: emma nd At 


Water vapor interferes with the tast, and mney danage the instriment 


ig the humidity is higher than ebout 60%. It is tharsfore cE eee ry to 
fusten e tube of Brierite into the sample line entering the spectrometer 
cell to nUPCES moisture, Carbon ebsorption is minimised if she eure 


is heuted to out 606°C (f). Howaver, the concentration range texted oo: 
this prograk was so low that a Drierlte column may have ie ee alee 

ie ; and teats were made wltheut the Drterite column by maintaining 
anber air at about 46% Tt. 


the coefficient of sabsorpti x : 
Pa % my 5 er 
{A}, pathlength of ceil (1), and concentr 
ia the backsround illumination, and 7 is 


gample. Or, 
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(2) in am A) (c), OY, 
3 
res \ te Lay ‘ 
fs Pape ae Otis 
ie Ay ae ag ame SO 
aA 
a : 2 nq . + f &. 
¥fi apticel density (ob) ts defined as 16849 Ip/l, then 
pay fe 2 : 
(4) Inoem 2 2.205 logss To oF 
© , 5 oo 
LP x de Gaby fe} oe Paes 
Pe 4 Bey ps mm ee ee RIN semen eae rewnereernntd OT we s 
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i 
{2} Ob = (0) (const.) = Jogiy +, and 
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(e) com (Logs, a. i/f) s som ipie (t) ~ {log;5 3/5} air {t} 
ae FE ewan om runanate ersedinetmninannnanen tse tenneet cess: wvuraan asendetraaiy mumneiwineararsons nme 
(10225. Lf/t sargio (420) - Gog,, 1/1) sir (to) 


where ¢ « hima in minutes. 


c, Sensitivity 
yo when analvaing for hydrocarbons 
under th Dy ot sata’ cond: tone, see on this program, end no calibration 
eurve ena obtaived. The geneitivity to benzene plus hexane and acrolein 
fn the &.$+ppm reonge was estimated to be about 40.15 prem, or 80%, 
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the decay of - hydregen fluorics in the resent ‘progren 
eee on the Bansoarigetele suenching of the Ziluorescenet of-: 


a fuoride Le “and ig sensitive to ahout #2. GOS, pre 
sntration lee ‘Bowever, the inetrument may be eon» 


tiene ae ‘wide ‘variations tae touperature and humidity, 
98 the materinis in the test atsiosaphexe uaed tn the 
nis Peanon, Lt ia auggested thet the direct ticra: 

tion mothed be $e. « monitoring | hydrogen flusride in chambers with s 
goselty of GO, erg or groater, aithough relatively Jong sampling 

eo will be cece and it will be impogsible to obtain. information 
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A bubbler was used to collect air samples. It was 35 em long and 


8. Sampling Technique © 
Two Hundrod wi of distilled water was placed in two bubblers.  Sanpies 

at a rete of 1.cfm for i-hyr. About 1700 liters of test air 
ugh exch of the bubblers. .The two 180-ml samples were tha: 
veted ag described below. wie ftttenens 
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2. @ Burettes, Somk capacity. Subdiviadans, 3/100 mle .- 
3, Whusks, titration, wide~mouth, S00-n] canacity. 
KR. Dissolve 13.805 ¢ ef hydrated 


)e + 4 8,0) in water and make up to 
0 this concentration for O,G% N 


4. Sodium fluoride solution, i mg F per ml, wry C.P. sodiur 
fluoride at es to a constant weight. Cool im s puke teeees 
Dissolve 2.210 ¢ & in distilled water and giske up to L liter, 
Saas aes 8. 4, ©. E, peeae on tT. D Parks. Paper presented 5 
California } 
g 
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= OT 
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fe solution, O.ui my Fo mer mi. Dilute 10 mi 
“(4) to £ liter, - 


@. Sodloy aligearia sulfanate, aqueous, 0.65%. 


on, 9.05 Norcial, Dissolve 2 ¢ of © 
ter of GAeT EN IOS water, 


9. .Butfer solution.” Dissolve 2.0 g of sodium hydroxide 4n 26 

iatihied water. Dissolve 3.50 @ of monochloroacetic anis 

Om of dietilled water. Slowly. aie the sodium hydroxice 
tirring, to the wonoechloroacetia acid 

This golution ia stable for five Says 
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h. Standard Nzation of Thordua Bitrate 


PINE ARAN RE Pp A A AN SEY NO TI Ge Be ee ee 


arid nitevate sulition 


follows. uri de gol ution directly 
titrating as. concentre ioe oy £ Les inke 
400-1 volumes | game yours nee 


sth distilied: wate a fro 
rez PEE : 7 


Add 1.00 mi of G.0 so ei cseein red indices OF and restore 
colcr by adding 0.95 N sodium hydroxide golution ‘drop by drop.) che 
hydrochloric acid GropuEse nett the ‘pink color ig Subt dischar eae 


Add 2.09 mi of monconorcnee etic Be nid nuffer ee tution ani: titrate 
with 0.01 H thorium altrate eolution | to (the ap pearance of & faint. pink COLOR y 


Pronare g water plank pe ‘Eltratiag. 200 fal. “Of. the di etalled WEECE 
with O.19 to G.16 mi of thorium nitrate solution atter the nddition “of the 
other rangonts. Compare call the. subss quent SOM Dies. “With thir Bherk. ee Sube 
tract the volume of thortum Pitvate used an the oye the yo Luss sea 
C wot eB ‘table te ved ate ty oS Pluoete 


noeach standard, onet 
token to the volume of the rium nitre ate’ eee 3 


o 2 


site valy: pools be  gubjedted to. the. aamo ) procedure “RS 
aad checked egainst eennrey centre ts © se titrated directiy, 


2. Treatment of 


a he sama nant 


“the 2 impingorg into the: 300-n1. tithe. ug 
c hydroxide, - hydr seblorie : ié4a and Burger 7 
eribed for? ne. standard kantion of the 
thorium witrate gol at the, ganple "to the colar: produced in 
titration blank, Titrate the plank | and gubtract the m} of thorius nit 
golution usec by the blank fran the al used By the weuple.” Detevring Ph hi 

micrograms of fiuorine found ia the semple ¥ using: the table which re! 


tion flask, 
soluticons in 


Bu 
ee 
nes 

re) 

> 3 


he giuiamtlir of taorlim mitrate 


sitivity, 


nt as as at atau Bae 


AS 
becg at ‘chamber eiv, ebou 
: Hed sample ender the test 


te 


titration 
bydvogen fluoride’: 


3 
= bout 24 
be ¢ obtained in’ ‘thee 


N 


re Cha amber 


eifons whe S POQO—L ter 
tu 


ONY, 5 Se 


ghauther, 


wee 


40, Determination of Hyd roger SuliPide* 


ean! wrens WRARGEION OF e7C aso ene naib empareinan se reas eu 


a Discussion 


A NI MK ee 


réacts with cadndum seita to Yield an ingoluble yellos 


owed by bac ek-titrstion with scdium thiosulfate, using 


thom af low cOwMoen tours 


used frequentiy for the dst ng. 
ebserber solutions, [fF 
aed 


é: 
in ammoniacal cadeiue chlo bake 
sent, the cadmiun sulfide ps 

interferenc @. The filter paper (Whatman #40) is thon 
3% hydrbehioric ‘acid soluth on mentioned Selow, and 

} d i oratory that whea titrating 
quantities Br cada ue gspifide 
filter paper interfered pti the titration, Much more 
WEL obtained by omitting this st 


A x 
recipitate is separated by 
pa 


a 


oh @ were obtalaed in 


ue 
© 
es 


* Ysed in X, LX, and TIZ of the progran. 


(a) Goldman, F. =. and M, BY. Jacobs, Chemt weal Methods of Induetrial Bygione. 
Intersolence Publishers, N.¥., 1953. Page 58, 


60 


amount of swifide is determined by titration wit th ne 


Wager rest 


sa 


eet 


same 


Faw 


Sanple 


duterminotion of 

would collect ons 

Tha - and cm wide. “The 
is nes 


lem ene ace see tt A Porno nn Weer nerene Linen 


c au Se % =e pene te arf . 7,0, oe 9 . y - J 
BO ai of 26% cadmium chioride (CdCl, + at/2 3 H,O} ware transferred 
% inute 


to wo nae etor, Test alr was aanmpled at a rate ot na ee per 


IYi Analytis 


Ae Reagent a and | Apparatus 


nae lydrechloric ac id; 16% 


3, Potassius todate eae. 

| Q 7284 9» of pure potassium Lode 
add 2 x of -sodiun hydroxide pe 
iodute free from iodide, After 


to room teaperature and dilute 
aie . or 
2iagk. 


4, Potassium lodate, standard, 0.005 normal. Prepare by 
sccurate dilution of ‘the 0.02 nore t Bolution. 

5. Sodium thiosulfate, al, Dissolve about 5g of 
godium thiosulfate pertahydeate in 2 liters” of freshly 
both COO} etilied water. Store in a clean Pyran 
bo" ata ze this solution, pipette 23 mi-of tho 
a. stan iodate solution inte a 200-2 ore 
Bay: yor Plas eq 200 ml of water and 20 mi of hydro- 
chiorie pais “fllow to stand one minute and then titrate 


with the thiosulfate’ solution, As ‘the end-point is ape 
proached, add 16 ml of 0. 2% starch solution and titrate 
carefully wnt ty the recnaars is colorless. The thiosulfate 
solution should } 2 Os andardiz od @very two woeks.- 


2. Sodium thinsulfete, 0,005 normal. Prepare hofore une Ry 
ancuratye dilution or 0.01 nore al atandard thiosulfas 


alution. Add a cooled gayeoue suspension of 23 £ 


te. starch to ono liter of bolling water, cooled ts 
veraturc, and store ins clean bottle. 


ee 
4. Sunty ae or inte 128$-ml, glass-steppered 
ty 
ie 
ih fodate, 0; noe Hep vials mesdieteiy until an 
“excess ie obtained @e indi cated Dy. vaiior color, En teste 
is this progres ‘the yellow appeared im all cases after 
a iret drop of potassium lodate ens ous ml .of 
Lodste wae -edded. 
&. -Stopp s qutenty: “Ene shake, 
3, Ada 10 mi steven golution, 
6, iterate with sodium thiosulfate, e. 005 HOPE a 
c. Sea a 


thios sulfate, | 9,005 ssemal is equivaiont : te 8 req. of 
Aer mg ot hydrogen sulfide per liter of Moclahek ‘ge fois 
2 be by. volume” of hydrogen sulfide, 


ntrstion of 0.29 microgrs: 


& 4 sontatiiing oh ‘initia il conde 
nydrog és titer (G.2-pp 21) Were tes sstod in [this prograa. cheek: the 
eee ne Hoiea. in {I, shove; the ae thod wae eenetes ae ke - 


$0,085 : phar ) containing 0,255 ‘pp, 4. Ory OR, 


1g fom ia’ £0, 000-L tar Chomber 4 


iy 
: Tho apperont sen! Huete ane the 280° tes sts ‘depends on eee: mownt of air 
A? & ge 
"Sampled. qt augre ste "thet, tho saupling device De a eeled up by a 
hee 


fac tor that iene ‘B ‘Mtere of air per min be senpied for 30 min. 
le the sene Leivd yy dee, at should be about 456 ender 
citions.”.! eae eG, 2 eee 


. . 


Bes Hetertineéion: NE Total oxides ‘of Ri trogen™ 


RR pT eA HIME AA we SA en 


Pn oseeret: ren pected atrmnenete 


phenoidis sulfonic’ aedd | nie” ted’ af: Roath? Berger; dnd Schronk = te } 


protininary tente | to determin 1gs the’ total oxides a? nitr SOT 


eidieulfonic. acid d geshod of Hearty, - Borger, ‘aud Schrenk was 


“Phe phen 
uged im all parts of the progran oe Lis a congiated essentially of ab 
gorption of the nitrogen oxides in an aed? solntion ta forme ‘nitrous ae 
nitric scide, followed by padation Of the nitrous acie vith hydrogen 
peroxida The sclution wes then neutralized and evaporated to bec buaig 
TRE 22 i 


due, which weaeste the ene of nitrogen 88 eeeee nitrate, 
£ & 69 pees with « ure of sulfuric fae nis 

ito wide peta which: ‘an PS Withee 

o “atta alt. nitrophenoidisulféna 
92 PH ai to thas concentration of oxider 

@ ooneentr “ation sof oxides a? nitrogen waz 

Ee ; Standards prepared in the ee Are: 


coystd ante 


The nutomstic J abeniceend saad. for: most of. the ‘tests in this: pre ME Po 
emcloye a Qinmotication process for determing a nitric oxide and mi crogen 
dhoutde “ant tien 


sly. Two special absorbers are uged for the absorp 
ide in a solution of 0. 5% aulfanilic seid and 20 ppm of 
thylenediamine- aihydr rochloride: dn 14% seatic seid, £olloved 
eotor mekric roading. . One absorbe oY MGegocures the nitrogen dioxide eione; 
other measures nitrogen: “ay oxide plus witeie oxide arter the nitric 

wide has been oxidised by potas sad.ims permanganate, Standard error of the 
Austrurms i onph eric concentrations. or: alt FOREN 


omiaes. 
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of 


ab ay 


nhen 9 adi 


sd enalytien) tech foisue baal een de= 
‘the colorinetric méthed of  —.. 
dual Esanpiie. tt Wal BR ROLS 
pee aoe. ee 


pres Rip 


B ny: 
; est ae vie 
OnGk tL YE than the 
thi a Gr POSTE. 
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a ARS nd Ar ren LT Ln AA NEED mE ng RY ened 


* Yeated in Part I, but pe ee ecees tee more complax than the 
Saltgeuan, method which follows 7 yas oe Got 
{a} Beatty, RB. bo, be , Berger, and! 2) ectrenk,  Tetormination ef tha 
r¢) ‘ot er chee ‘by the phen noldisulfonie Bedd method, U.S. Bur 
‘Report ar Invert Pigationa: Mile SOB ‘February, 148 
(oy) Sulitenan, B. BR. Co} forimetric determination of nitrogen diaxide ir the 


gtmoophere. Anal, Chom, 86, 1PGB-5S (zac), 
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GS. paper this: paper or series of papers ghould be 
of ine dieats ng the pH in. the range of fairly hig 


snd a “the neat val range, “such as plydrion sncryee 


k, Procedure 


tM rreerpend apne inaioanmen sen 


. The G.1 8 eodium hydroxide was tvanst erred to A 250“a1 
bhéeeker, The bubbler xas ringed twice with 25. al of water, 
~ andl the washings | were ty auSTORrCS: to the baake : 


fee. 


nud the gol cor was. aes Lantied 0 a aH o of ekoue 1, wsing 


solution ea he ated to “yotidng, and 1 K sodium aydioride 
was added toa ee of Bs or higher: 


us 
z 

oy 

o 


Ses arid 


% @ solution | BAe. s parefully evaporated: to ‘dryness, andy eh 
phenoidiaulfent © ‘seid’ wee ded wh th rapid stirring while 


tha te 


ae 


‘ 
he 

2 pea | 
os 


£. About 5 mt water was added, and the salts were dissolved by. 
mixing. eae te 7 Sig aa Ete Beg 
F 
&, Cone 
iadicated by lie oles Gat s os jor of seocati hydroxide, 


7. the solution was filtered into fheviadetian Ce ad, ‘and the 
transmittance wes determined, using « 410~mi filter, . The. 
concentration of nitrogen oxides 28 BG, wan read direotay 
from a calibration curve prepered previous) Ly Tron: the si 
standard poteseium ni trete solution, Known amounts of tho 
potassiun nitrate wore added to SO-mi portions af 6.1 1 heres 
sodium hydroxide, snd were subjected to the peccedure ‘de. 
scribed above, The calipration curve cavered the range 
160 7 to 10 7 nitroven dioxide. ty eS 

&. A blank, cone N sodium nydrondde, WEE 


4 t 
“gat of standards: and 


to G.53 pre by volume. 
rm 
a 
ee fal concen Savion of. ai itre QOL dioxide in the ch amber was 


cs gk 
we aMLeL. 
; 


ne (1.72 “ypasees The waximun concentration 9 NM nitrog 
sganple collected was 1.72 % 50, or 86 xy, The analytics 
method bas n sensitivity vider. hoes te st conditions of 310% over the rouge 
200 y ta 10 y nitrogen dioxide. hae 


sticns when n Sampling fro from s oO, D , OGG--E ‘Liter er Cha 


The method is directly sept ienois to Pakoue i shambo ss , Howes 


higher sensitivity could be obtei insd if the size of ths bubbler 
doubled, and 200 m1 of absorber were used. In this cane, the fic 
through the bubbler could be increased to 20 litere/minute, and 


ts 

fa 

iy 
% 

1S 

pe 


ss could be cbtained as above. In addition, if would be. pos 


to ves thla larger systen ane Shorten the sampling period to §& sin. 
this case, the eaere period would be cut in halt, but the sens 
would remain unchanged 


42. De termination of Ni itregen Dioxide* 


pas ce RUNS LIE Pi my mole NESE 


ec method a 


Nitrogen dioxide was determined by the colorim t 

liectead in reapaeys Bubble 
yi ¥ 
is) 


). in ee sample ig co 


2 
g # coupling ag 
” 


7 
acetic se AD & taawing agent. This pro dices col directly and is spe- 
cific for nitrogen dicxide in the concentration range of materials tested 
thia program. ‘The method has a sensitivity in the parts. per hundred 
B 


reas Collection of Sanple 


ae ai ee reek eed Seatac 
A, Sampling | Beavice 
weet See canon rome hao Sn oor: 


er used in nets tezte contained a madium frit, and wag 


Pre huh) 
2G om jong ond 3 com ix, dilametar, 


ipling Technique 
Trenty-five, mi of tho a 
6 


h. “ 
end gaupled at 2 rate of 0.¢ rs/min for 10 ain 


Lit Analytical Fethod 


RNC AA HON Nr A ARNO OER 


a uts and Apparatus 


solution: & ¢ of sulganilic acid ware dissolved 
ee boiling water containing 140 al of 

oe ea and 20 mg of Ne{i-neph rthyl)-eti ryione- 
Whydrochioride. 


2 8 
I iooal 
he 
et 
a 


* Ysed in Parts I, 21, and III of program. 


an, B. EE. Colorimetric Microdet on of Nitrogen Plouide 


erainati 
heveaoneee. Anal. Chem. 26, (12), 1949-1955 (19 aS4). 


(a) Sel ten 
in the 


tas 


“. Lumetron, Model 4028 8, with S$8Cem: filter and Mew] eell. 


- Frocedure 

Olution was transferred to ea 100-ml flask and stopyered, 
25 were allowed for full cole® development and the solution 
Yad then transferred to the Lamotron cell, The concentration WAS deter= 
ningd from « previously prepared celibr ation. curve. A blank of the 
absorbing solution was used ROUEHOUN 7 a eg * he ee 


The calibration curve was obtained by ddan known concentrations of 
sodium nitrite to the absorbing § sclution and plotting the log of. the trans- 
ttenes vy: concentration ef the sodiua nitrite. The nitrogen dioxide 
is O.72; therefore, 2.03 pe/mi of sodium nitrite was 
pri nitrogen dioxide (1.82 pay Liter of BLEKOESS dioxide). 


oe 


13, Bet eeanation of Ozone* 


zt Biscuasic: 


Jone wie determined by passing the test alr through se bubbler con- 
taining a buffered sslution of potassium todide, and then measuring the 
amount of jod@ine liberated (a,b). The reaction proceeds as follows: © 


O, + 2 KL + H,0 ——» 0, + 2 KON + 2, (8) 


a 


a t reactions of nitrogen oxides, 

Loh produ ce iodine proceed only to a very limited 
: and at pH 7.0, because of the ieck of hydrogen 
% ead below is frequently usea for the determination 
t 4 The absorption geen ancy of ozone in the potassium 
de tution is very hich under these test conditiong, but if air is 
gampled too rppidly, released ioding eet out of the solution, and 
low vaives Por ozone may be obtained. 


A. Sembling Devic 


Ne 


sellect gamples, Ths imppinger’wos 12 om 
ae 


4x 
pL i= at 
ezle G.3 com from the bage. 


LON 


me 


and it of pre ogram. 


, semen, snt A, Be. Koup. Accelerated ozone weather test for 
ind. & Eng. Ghem.,-Anal. Ed. 12, 728-74 (1946). 


Be, He G. Neal, G. 8, Marten, and F. A. Paneth. .Neasuremont 
Saco negatration of Atmospheric (Ozone. J. Chem. Soc., 1844, 


ae 


3. OCS “pling Technigue 


Twontye five wiviraieees: o the uffered salution of potaasius 
(deseribed below} were added a the cre ,o fir from the chamber wae 
¢gupled through the bubbler at a rate of. aa ‘liters/ain for & min; 


rir Analytica We thod 


&, Reagents and | appara étus 


1. Buffered eo rceciae Todida. “hdd 500 mi. of 0.635 Ne ‘hesdive 
dant ane Ea et to 860 ml. O.088 N potassiue : dihydrogen 


nhes pha Da esolve ‘20 e of potansiun dodide in Chia 
Soiition 
2, 
BB. Procedure 


The test aniution ee, ‘the “Lm acto yx wag ‘transferred ‘te: the’ Cotort moter 
ceil, and the concentrition of ozone was read frow a previously. prepared 
calibration curve of ppm SnONe Fs. LOg - tranenission. © A No. 420 fiiter was 
used. The cnlibrats ree aes 


wae prepa ve od a8 fo HLiows, 


The initial conéentration of ozone ein the 4 eet chamber was 0.2 04 
or 0,39 y/liter. Forty liters. of test ibe doltaintne a oe oof 4s, 


ozone, were passes through the test bubbler. From the equation giver in 
shove, this amount of” osone ‘would Liherate @3.1 7 iowine. a eteck 
olution was made up which consisted of 3,32 mg iodine per liter ef buf- 
Fay potassium iodide pre pax "ad 85 above. ‘Twenty-five widiiliters a? this 
solution contain 83.2 mi crogrens of Yn,. and - the tre mguitte ange KPoading of 
this solution represented O72 pri ozone ‘in the teat ‘chamber. The solution 


Was situted to obtala other points for ‘the calibra tion “curves 


om Sensits ty 
ee mnerengelennen erase naar mt a 


Long deantiued Stages Hae 


Usdur the samp siing“and analyticn! eond Tee 
dig sengitive to aut ee aster) OZONE, 


nethod 


VY Suggeas stlons when Sampling from 59 000-Li ter Chanbe 


ee nena en PTAA PR IN SNE RELI NOT A I NN, Ae ARN MARCY RE MRT 


he method is sinoctly applics ile cole auvexs of penutas vol 


14, betaenins ation of Surfuy Di oxi de® 


areata eaeealtiatne arene een 


i Blacusston 

Sulfur dioxide waa determines by: the method of Paulus, Floyd, and 
oyers {a}, In this test, gulf ur dioxide is ehsorbec in an impinger Care 
taining a solution of sodium hydroxide and glycerine.” Thiz solution is 
used ta inhibit oxidation to. sulfate, A basic fuchsin-formaldchyds color 
yuagent te then added, and the amount of sulfur dloxide is determined 
colorimetrically, ‘The repro aducibility of the method in the concentration 
range required on thiz pro fect ig “325. = _ ee 


Collection of. ‘Sample. eee 


A: Sempling Device ae an ee 


PSEA tae BREE" MNT 


Ath: 


the ais Was sanuied through en ispinger “hich was L2 em long and 


He moling : Tehntque. 


. 
re tan a ie aaa 


Teenty~five mi-62. ‘the abso spoing golution wore transferrec “to the 


we 
meer, | Air from the chamber wea sampled at.a rate of 5 Liters a/mie for 


neers 
Ee a ~ + 
A Analytical Méthod os . os : zi Dig he ; ene an - = ne * . : 
A nts and Apparatus 
i. errr solution: © sodium hydroxide, 0.08 ¥, containing 


ant, stock solution No. 1: Shske a mixture of 

7 4 wih -cons wontrated sulfuric acid, and 16 mi 
solution of, ‘basic fuchsin in ethyl alechol, Add 

water. and 4 ¢ of Norite A activated carbon, Shake 
d frigerate o overnight. ‘Filter to ronove garbon. If 

this geiabions ‘ig pe ae rated, it will remain utable fer 

geveral months, ge See 


a. Color reagent, stock solution Ho. 2: Dilute S mi of 46% 
formaidshyde to 100 ml with water. : 


SOE Ae eg CRN RRNA AE tte ES igh inn! 4 ae Nn a 


ee 


Wsed in Parts f, IF, end Ill of program, 


Pauloa, Hf EB. PF. Ployd, und 0. 2. fyers Detarnination of UES 


wt y 


dioxide in atmogphers rgamples. Inds Hyg. Assoc. @. 14(4) 


4. Working color reagent: Add 2 port ef stock solution Re. @ 


to 20 perts. ‘atpek solution Me. 4. Wis, sheke, end alias 
to stand 30 win before using. 


3. bLumetrom, Mudel 402 E, with E20-ms filter end @h-mi celi. 


che tet wolution was transferred from the “impinge ver to & 106 im 


wa 


Slask and stoppered. Working color rengent, 2.5 mi, was added, ia ‘the 

sO©lution wes allowed to stand 15 minutes for full co ley development. 

The solution wee then transferred to the 25-ml-Lutiotran cell, and the 

concent revien at ur dioxide waa dstexaiased from os previo: sly preparea 

pao e OUPye . blank consisting of 25 ml of the absoxbent sogution 
i the genple, ann wags carried through the analytical 


urve Wag abt dined hy preparing known ‘dtl lutions of 
siLear oxide in nitrogen in a sontinusus<stream ges~handiiag Byster 


end 


allow. neg 2 of diluted guifur dloxide to fldw through 25 mi cf the 
absoarning in the impector for a fixed. period of tise. The solu-- 
tion waa ene eee working color reagent ag dos serihed oe eng 
the troanem: rag datermined in the Lumetrdn. A curve was then pre-_ 


gared of the & ie eat tane agvainet the mic SPOLPARS of sulfur alories in the 
sonple. on the calibration curve — as follows: , 


Microgvame S80, Lame tron ‘Tranmtasion 
in Sample ga tee Roading, § ‘ 
Penn Seviomtintsnt Asean paces ancagetcnooeen ratelowetarachenitninsancs 
none ee PS 400 
10,8 ees OS 87. 
Lee Oe Se i 
27.2 =f ae 40° 


37.8 -_ - 32° 


COs | ee ae 20 
S10 ny ns ~ & 13 
Lom AL RtLONs 
2.60 y sulfur dioxide per liter of test gas {e@ equivalent te 2.0 aps 


sulfur dioxida,. 


Lnitial concentration of sulfur diowide in cae 
ov 2.64 y/liter, Tho total flow of taet air + 


giving @ maximum of 36.4 y in the eau ere 
a? ¢hia methed over the range 86.0 y te 2.85 y Le e108, 


lone wher Sampling e289 FH 50,00 sos I-Liter Chawbor 
The method se described zisove is directly applicable to teats an 


bers of 56,000-liter eg dee 


15, Determination. of “Sulturtc poke 
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ni extremely Low vapor pressure at 3oom ‘eeaase tans, 


Sulfuric acid has a 
and exists as dropists in polluted atmospheres. A. titrimetric ‘wethed d2- 
nford Research Institute Was: “used for the dstemmination of 
evosol in the test. chamber . “The droplets collected dauanti~ 


\lipore filters .#* ‘he filter WES then washed into 2 flask, 
acid war determined by titration. oo 


qr Collection of Samplis 


Panlereresneny Coe AORN SAARNISEN Sod Lite VY AMER EARENAY 


A. 


Sith ame £8, 


A Millisere filter, ‘Type AA, white, plain, was connected - in the 
t + 
chamber onto the sampling probe need in the: other te 


8. Sampling Technique 


ew ana cere 


The test atmosphere was drawn through the filter at a rate of 
40 Jitters per min for 10 min, ie 


LIl Analytical Method 


ep een AN Nf AYE 


A, Reagents and Apparatus : tg aes 
See ee eet ce cca Ee an cet : ; ; 
2. Saddiom ydonice, approx. O,01°N. Dissolve 0.5 @ sodiue 
hydroxide ‘in 1 liter boiled digtilled water, — 


2, Sodium hydroxide Aaa 0.001 N. Dllute 10 ml accium 


hydroxides, 0.04 | to 1600 ml in a volumatric flask, using 
freshly botled, ists ties water ‘Titrate with pandesd 


sulfuric acid. 


3. Methyl purple indicator solution. *** 


fieneenae earn -ncentt Neate Cee em mei Milt ARENA NINE NM NA EAL Rata 


* Used in Parts 1, 12, and IYI of program. 


ee Hillipore Filter ¢ Corporation, Watertown Ta, Mase. 


rs Me thyl-purpte Indtcator, Fleisher Chemical Co., Benjanin Prank ris 
Station, Washington 4, B.C... 
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8, Sicrcburette, 


8B. Procedure 


The #alf uric aoid on the filter was washed int 
4 ty 


My 
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tions ef bot ee ‘distilled water, The seluticon 
iL M godium hydroxide, using a microburette ané methy 
» One drop of the indi aEGe Was used, 
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hyd POS {oe t gsc Ww F | > neee "5 a4 ime é 9 me : 


4.9 y sulfuric acid, Methyl purple is basic, 
and ong drop will rcvutralize ¥ y ef sulfuric acid. This smount wes as 
to the calculated concentration of sulfuric acid 
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sitive to about 10 7 sulfuric acid under t 
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PR ore tener te eae bee ae at Mann mae il ane eZ es aa a te RR ert Re Ee ntgee EWR UR RO nk Bay vee eae 


y 


t= O then as bevere, 


En€, = Un, - kt + <= 


# 


int, ; Int» -~ t ag = nem 


fy 
oe 


iT] 
cS 
> 
& 
t 
a 
Fr oamithia’ 
ryt 
a 
t 
i 
ao 


of 
rH 
3 
ae 
j hw 
j 
aon 
rae 
t 
Pe] 
= 
| 


~ Fa “i 4 ia 

¢ actee’ / we Dt Fa aS { fae 
coos «, gs —- f(t » ~B at} ~ [lw @ mm} £ Po ge) it. & 2ath 
: ss ; : \ Bode \ Weds 


See Berga for ace LRN 7 4 ‘ 
eum Ean. (3) and (4) we aee this is: 


Ea 
. % a ~; i 
Ce ~ on mee - 5. te {a } 
om d cs Cx 
a 
erese 


Cy de 


fie JY 
ao 7 - fe 
Ge ~ La 4 
D cd = “ recat wen nt at a RR Came vam 
alt J iF 
geese 


va hee ve bay “& 
tee we es ca See ct Re MO 


~o i 

~ “ 
i afte SUF 
j Ce sees Se ead s 

; £ een traaie sents taet Merah hneee she i Ne 

4 

1 


er Defy 


: 4 Ce. 4 
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ee oi a 


34 gponersi, dilution due ts eee will be intermittent rather ther 
tinuous over long time intervals, 


toy 


Doring fimes of no sa impling: Be, = 0 


at 


kecomea Gy = Cy ° Dg and gince when Dy = 6 @ = O we aon 


becomes: 


ci = C, en defined in Eq. (5) 


h = time of no sampling 


he preceding development is, of course, true only when there is «@ , single 


was present in the test chamber, 


If many gages are present in the gaue chamber we may oe resetioas 


}B + (vp pC +-.,.222 (vr )L . (vk + (vj 8 toeas 


where Va, Vy, @ic., represent the number of molecules of reactant A, #, 
etc. and Vp, Yu, etec., the n 


umber of molecules of products L, WU, ete, 


hus, for a particular gas A in such a mixture during p2riods of 
senpling we could write, for the initial reaction, 


; r at 
aca fagf rakes cAgl + ¢ {4 ce os) a (g3 
: oo v 


- fe : % Ft ee fet ea 
where OC = Cone. of was A, cP os scones of mas Eh, ate, 


Kedep RS Be excccuingly conplicated 
ee fda: (2) quite unlikely. 


Ds gs ew Foye . ij a Far 
guynetion which mazs 
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AS reaction products increased in oo , Eq. (8) would have 
slo 


on. 


to be replaced by un even more complicated expre 


if Exanple of Corrections Used in Phase I of the Project 


Two pon of gas A were injected inte a 2000-liter chamber at t,. 
Chemical analysis of the gas was obtained by samniing the chamber air 
| through a gerubber for 20 min at 106 liters/min. An equal volume of txesh 
| air was drawn into the charber during the sampling period, | = 


As an example, the analysis indicated that there was 1.0 pma of gas A 
in the chamber at tygugg: 


i. Correct the measured gas concentration for tht epproximsie 
asount lost due te sampling over the €O-min interval. 


8. Determine the approximate value of coefficient of gas 
decay {k). 

3, Predict what conc. of gas A might be exnectsd in the 
chamber si the end of a 2ehour period 


a. Agsweing continuous gag sapling 
z 


no ges sampling. 


H 
nes 


” a aves : 
4. Solution 2.0 
a fy erie 4 a, 
> Ch ry S ss ¢ -Gtf ¢ Patera ides eee ; 3 
By Eq. (3) D, = Cy (1 - ¢@ Peo TEE he do as ea a oe areca 
a i paste en ‘anne 
Dy = dilution due to saupling mampte esiple | senple 


it #2 #8 
Cy, = 2 ppm anew : 
Q@ = 1G Lliters/min Pots 


¥ = 2000 liters ee Cee, eee One 
: a a rT es ae 


Tine, min 


Hote: the value t,/2 is correct sinee the measured value of 1 ppm ia the 
“Sg between Cars ren amd Czy 


peas 


Conc. = CONS. ae 
SOrr, WALw, : 
- 7 _~ 5 ONE & oaae £ ge). 
“OLS « = 2,6 poe et t = 86 min 
Ngee 
ie : 


eang. = 4.6 + 6.442 = 1,442 


we Py oo yt Pe a = af : 
Wnerc Cy fe Ce g — {) st Sk Le ea a Pr pom xD 


fs Z 
: } 
kt ed - os in G.8 + 6,008 
Bre 


kos A) (-0.69) + (0.005) 
k = 0,00¥6 


3. Solution 


a. By Eq. (4) Dy = Cy (1 - e7*t) 


og = & ppm 


“d\s (2 id 3 ) (od } ae rede 
“reer s mcunrctmmnnaniiny Yon wm Ae) Red CO. S27? 
eg i a e a 
DD. 
ty Ess : ~ “- comme 
Ry Es. (5) Re OS Cy Dy = DE.t rs 
i] 
os = 4 é 5 { 3% 
Cron min = (2-0) - (1.3) - (0.442) + 0,287 


Cane win = G.O43 ppm of gss A with both decay and shmpling dilutisg 
fe me 


Saati vs ye i oe a 
ratem for 220 min 


Ili Example of Correstions eiPELie in Phase IL 


Keep sername Pelham pete AAA 


j a a ed inte the 2000- liter tank st ty, ie~ 
cluding 1.5 pom of gas A and 1.5 pom of gas B. Three samples of gas A and 
ag 5s B single 420-min period. Each 
ebtained by saspling the chamber air through 


iter hai Each chemical analysis of ges & 


8o 


eas obtained by sampling through a serubber for $ min at & Liter:/min. 

Samples Yor the analysis of gas A were collected at the following intervals: 
int ts50-70 wine tea-100 mine Samples fer the analysis of gaz & were 
ed ey oh oe intervals: tag-25 mint °7O-80 mine t 


cs 
G 
oe EF 


on to dilution due to sampling these 2 gadea, there whe wt 


d ion due to continuous sampling for NO, at 0,280 liters/min 
over the entire ik0-min pertod, 


ated that there was 1.0 ppm of gag A 


As an example, the analysis indic 
at to-20 min, 200 1.04 ppm of gas Bet tyis-120 min: it was then neceesary 
to obtain an approximate correction for dili ities due to sampling. The 
corrections fol! - 


by *~ yeag = UO win av. value 


) a Gs + Dieta = JO.8S 


gas A was sampled sin i120 min 


was sampled in 120 min 


sept averared sin 


ce very little would be 
such & small r 1 


g 


pe 


fay} “ 
2 ee 759 
a - = rare} = 0.375 


De = Co (1 ~ 0.68). = (1.5)(0.31) = 0.46 pe 


cone, = 1.047 0,46 = 1.5 ppm 
COLE sig0 Pere ie aes BRE 

& correction for the concentration of NO, at any time t would be 

made in the same manner as the corre zctions for gas B were & 

in ti, above. 


ele 


iV Example of ( Corrections ona Applied in Phase IX] - 
The sane mixture of gases was injected inte the tank at t, 82 ¥as 

used in Phase If, and 2 gases were sampled intermittently over each 
120-min neriod together with continuous sapling for NO, eas in Phage Il. 

Hovever, an sgrosol was added to the chamber ‘at tp), and the concentration 
£ the aerosol was monitored continuously over the ié@fendin period, using 

& forward scattering ph notemeters:: moos sampling rate through the photoneter 

yng 4.2 Liter/fmin, aed 


us consider the sane genie sracsdurs BS was described in tke 
ng section ag an example of the treatment eee enkigticnl resulta. 

on Poase III, assuming that the aerosol was added at ty. it is 
then necessary to cerrect the gss concentrations for this additions? 
dilution due to continuous sampling through the photometer, and te correct 
the photometer reading for all dilution due to sampling. 


o 


Total gas sampled in time t is given by:: 
Mteot = (ata) ma + (Qptp) mp + ..+ + (Qits) my + Ayo, t + Opt 
where & represents the sampling rate through the photometer. 


Asgumo the same experimental arrangement as in Phase If. 


] ‘ | ae ip { eae! lp = ¢ . eats hy 
ve ) (ag) 2 | ~ HE we Ia or a. tie i 
ca eRe aaa aatel 0 SNR Oa aC oe COLD TSC INTSE NOTRE ECON i 
|) $00) eas 0.07 [ 9.49 — 
| 5 200 | 40) 8.7 O38 | 0.27 per} 
i 6o} goa { 40 f 48 Of 0.26 7 0.39 ppn i 
| gol 4c0 | 00 | 20 : 0.8 | OBL Ppa 

| 800 | Bd ee 5] ee 0.58 pps 

120} aoe | 120 | 30 [s 4 2S af 53 0.47 0.70 pee 


WREG, tie 
found by ac 


14054 (Ceone, 
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BR =D. in the above calculations since Ce, = Coy = 1.5 pra 


+ 
we 


D = dilution of gas A due to all sampling. 


oe - o ae , ; 
85 = dilution of gas # due to ali sampling. 
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STATISTICAL TREAYMEN 


fT OF DATA 


STATISTICAL 7 TREATHE ZT OF DATA 


Yhe data were treated statistically io order te discern time - 
wnficence intervals for the true slopes of the lines describing th 
of the aixy pollutants, and Gay effects on the program, and to estimetc 
number of samples of each gas which would be required to monitor slmitar 
test atmospheres hy theese: Sampling and anglygie methods in larger chenhers . 
Testu on part T were preliminary, and wore made to evaluate sampling end 
aenolytical methods which were ta be used when monitoring the ges gintige: 
The presence of uey affects wag not determined in part Y, but 
end confidence intervals were obtained in order to indicate 
ness of the me inode in atmoapheres containing - a single test ges, 


Dr. Gevaid J. Lieberann, Associate Pitecser of Statistics at & 
University, and Br. Edwin Coz, Statistician at Fort Detrick, sugested 
experimental design of parts II and IL which is described in the tent of 

this report, This design was used in order. to obtgin an optimum num 
observations of each gas under: these exper rimental conditions, within the 
time and coat achedules of the project. Due to the length of time recuired 
to colleet abies: a maximum of: six observation ne ‘could be obtained over & 
fenr porfod in most cases, and Ui number was vesd in desiening the 
experiments, 


Part [I was considered to be an exploratory phase, in which the gas 
injection methods wore tested, and in which the sampling and analytics 
methods developed in part I were checked for interferences from the ooher 
E26es8 in the complete gas mixture, Two components were yun cach day, and 
throe samples of each component were collected over the 2-hr period. 
Samples of the two gases were collected alternately, In order ta estimate 
variability due to days as well es to experimental error, each compo- 

{ was teated on two days, Giksy a garticulac gss was sampled at tincs 
z, 3, and S$ on one day, and at times &, 4, and 6 on -the other, The days 
on which the gases were i ae were choasen at random 


a 


Part Fit was wod Like part £1, except that each gas in th 


RE ol mixture was test sted on three deys. Nine observations af Seah 
Were “Enatetose obtad died. permitting mo better measure of experiments) @ 
The particulate meterial was monitored continuously during each 2-hr togt 


period, 


arLicuiaten on the was mixture was 


SEY 3 and ZY] were cambined. dgenaring tho 
tat The regsession dines and experimental] errer 


tach gae were then determing. 


Sai an Pee eemane ae, “fade of the Se eeetae: o> regmnples et 
‘* 


A summary of the statis tical treatment 18 given below, ne the 
notation ef Bowker and Lieberman fa), SB 


i. Statistical Treatment of Part tb “Single Gaz in Chamber 


stamens Jae aaah a 


the value b,, the slope ‘of the regression Ling» relating the concern 
tration of & particular gas at @ particular time, was obtained by the 
formula gh Mee oe ve : 
pe : ae 
eae (ye - #), 
“det ; 


: b, = 


F awd 
cae ed 


The yaluo bg, the intercept of the regression Line, wae obtained by 
the formula: AGS BS eye a oe 


bo = Fe bE - (2) 


Tre formula fer the regreasion line was then: 
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y=) bo + byx 
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E mificance of regression line was the ra determined by first 
estinating ‘the residual veriance around the regrecsion line, ueing the 


Se ee es (my > | ae = y) oe 
(ie) eye. Dy ea) ee epee er oN ake) 


ee . zt he (x - ¥)3 


nd then obtaining @ value, t, from oe formula 


4 FD eee 


Se os Pes 


t x ‘ep vas to determing the confidence interval of tae ren 
mresuion slepe, using the following fomaula ta rapresent the interval 


which includes the tmre slope at the a5% confidence lsvel: 


i Ueraid J. Lieberuan, Handbook of Indostrist 
Hall, Inc., Engleweod Clifis, ISS8, 


for 


tatiatics, brand 
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jon eres 


teeta eet bee 


KRESS ote 


va; 2 v 
yi Fy 
true slo za 
cS Wace he ee 
ae rer 3 Fa 
Sa or x}? 
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2. Statistical Treatment ee Part 15 (ALL ‘Gaacd in Chanber) 


and Part If {All Gases and Particuls tag in Chanber)} 
ee ae eee tment ee eld So ee ee ROM YD 


The nhl bias lines and the Set ibenes of the or reaion Linea 
were determined i se teat os onsisting of three obser vations on 4 par- 
tieular day, atae enuations fe through &. a 


The next step was to determine whether or nat the regression ceet- 
ficients for 2 particular gas obtained on 2 avs in part IL aif ared fro 
one another by a significant amount. ~A-value for, t was obta:ued from the 
formuls: my mo aye Bees) Pa anasem es 


KP uy 
a Se = by - by tse aperi h pee eee 
fingy ~ 2). Be px + Cnuv - aA 2) Soyo Cee 5 or - 
sony (9 snip wn ot oc cin ene courant iar An tinin aesat Nts = ae Sereoceonennenrnnrarreeei 
j gy F Biv a Wet <x)? 7 sta ay? 
je {?} 

where n= 3, the number of observationg on each’day. In this test, the 
regression coetfiielents vere alamifieantly different at the 3% level if 
t > 4,305. 3 significant ‘difterence would inet eee the presénece of x day 
etfect. ; 


ton (7) was used in s gsimiler ma ner to determine Gay effects 
TI, oy taking the 3 spa in Ret co onbinations of 2 days. a 


regreesion ca efficients obtained on ‘ dieterent days were. net 
, aera fora particular gas, the data Mei combined ta 
on line with slope B fron equations (1) and (2), 
rege ress ion dine could then be obtained ae 

ye m= Ze 4 degrees of frecdom, and ¢ > 2.77E 
3= 9 degrees of freedon, and t >: 2.365 aa 
if rs penne ship of time and concentration was present at ¢ 


F 
significance level .* 


he 
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fidence interval of the re: 
epresant the dntorvad 
el for part. Ti 


Gp wan to ‘determine the con 
BAOTE, using | the following formula te 3 
the true dan eae at ae 84 co 


ere@ in Gordes Lo obvntia 
sane confidence intesenlea at highs: 


re tgs 
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true shone =. bf mee 
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ss oe 6) 
and tho following formula. tor part Sosem 
eee n- 6 PE + 83 + sé 
truo slope = 6 + “ [tut fu veS. 
ane 3 a 

te A Bo piers" eaeaees i. = C - 

pa Sicha | (cor sean msceescrronier ey pera ee {9 
: fez ~ 3)? f(y - aa) Eq; o- a)* ) 


The data from parts II and ILI for each gas were then combined, and | 
ulas (2) through (8). were used to determine the regression ‘liner and 
co see dence intervals, where n ~2 = 43, ; a a 


Finally, the confidence limits for the true slopes whieh were Oh- 
tained when the parts were combined were considered to be ‘aceeptabie 

sions varieationg when monitoring ths geaeg in future teats under theese 
experimental conditions, “An estimate Wee "thst mado of the number of tasts 
required in order to fall within this variation 95% of the time that the 
tests would be repeated, using the following formula: Res 


ot 
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Sn ees aes eA. ae tt 7 (10) 
+ hoe dee : 
Sysx Te ~ 
OY Gy - 8)? 
Fo deh 


where /c/ is tie: acceptable variation in the slope. Figure 13,29 of 
ref. (a) ig then entered with d and n in order to obtain an estimate of 
the nuwher of cbhservations ner aa so. that a elepe will he obtained 
Which felis within fe/ at the 5% confidence level. Bee Oe 


The statistical conputations wore made eich an Elect yodeta ‘205 
ocated at Stanford Research Institute. The keypunched program 
in the Institute! s Mathematical Sciences Department. 
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> Pelikanstrasce 37 
' Zurich, Switzerland 


Hawai OFFICE 
1$5 South King Street 
Henohalu, 7.8 


New York Orrice 
40 East 42nd Strest 
New York 17, Mew York 
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